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NOTICE

All Performance Test Codes must adhere to the requirements of ASME PTC 1, General Instructions.  The following 
information is based on that document and is included here for emphasis and for the convenience of the user of the 
Code.  It is expected that the Code user is fully cognizant of Sections 1  and 3 of ASME PTC 1  and has read them prior to 
applying this Code.

ASME Performance Test Codes provide test procedures that yield results of the highest level of accuracy consistent 
with the best engineering knowledge and practice currently available.  They were developed by balanced committees 
representing all concerned interests and specify procedures, instrumentation, equipment-operating requirements, cal-
culation methods, and uncertainty analysis.

When tests are run in accordance with a Code, the test results themselves, without adjustment for uncertainty, yield 
the best available indication of the actual performance of the tested equipment.  ASME Performance Test Codes do not 
specify means to compare those results to contractual guarantees.  Therefore, it is recommended that the parties to a 
commercial test agree before starting the test and preferably before signing the contract on the method to be used for 
comparing the test results to the contractual guarantees.  It is beyond the scope of any Code to determine or interpret 
how such comparisons shall be made.
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FOREWORD

When the work of revising the ASME Power Test Codes of 1915 was undertaken, it was decided to include a commit-
tee to develop three separate test codes on condensing apparatus, feedwater heaters, and water-cooling equipment.  The 
resulting Test Code for Steam-Condensing Apparatus, after passing through the preliminary stages in the procedure 
prescribed by the Main Committee, was printed in tentative form in the May 1924 issue of Mechanical Engineering and 
was presented to the Society for discussion at a public hearing held during the spring meeting in Cleveland in May 
1924.  At the December 1924 meeting of the PTC Supervisory Committee (now known as the Board on Performance 
Codes), it was approved in its final revised form, and on October 5, 1925, it was approved and adopted by the Council 
as a standard practice of the Society.

Early in 1933, Committee No.  12 decided to completely revise the Test Code for Steam-Condensing Apparatus.  At the 
April 4, 1938, meeting of the PTC Supervisory Committee, this second version of the Code was approved, and on July 
15, 1938, it superseded the previous one and was adopted by the Council as a standard practice of the Society.

With the reorganization of PTC Committee No.  12 on Condensers, Feedwater Heaters, and Deaerators in 1948, the 
main Power Test Codes Committee requested that the Test Code for Steam-Condensing Apparatus be updated.  This 
third edition of the Code was approved at the December 4, 1953, meeting of the Power Test Codes Committee and 
adopted by the Council as a standard practice of the Society on March 9, 1954.

In January 1970, the PTC Supervisory Committee requested the Test Code for Steam-Condensing Apparatus be 
reviewed and updated.  That fourth version of the Code was approved by the Board on Performance Test Codes on May 
7, 1981, and it became an American National Standard in January 1983.

The Board on Performance Test Codes in 1988 directed the Code again be reviewed to ensure it reflected current engi-
neering practices.  A new Code Committee was organized in early 1989 containing members from a wide geographi-
cal area.  It comprised about equal numbers of manufacturing, user, and general interest members to ensure balanced 
Committee actions.  The 1989 Committee was organized into four subcommittees — Guiding Principles, Test Procedures, 
Instruments and Methods, and Computation of Results — to ensure each section of the Code revision would be properly 
addressed and the work would be accomplished effectively.

Based on experience with the two previous versions of the Condenser Code, the reorganized Committee determined 
to make this Code modern, accurate, practical, useful, and cost-effective.  It also identified the objective of extending the 
Code to include performance monitoring, because of the relatively large effect of operating condensers on plant genera-
tion and efficiency.

These ambitious goals translated into extensive revisions that triggered an almost complete rewrite.  The major areas 
were revised, and the rationale for the 1998 revision of this Code was as follows:

(a)  Instruments.  To take advantage of the then-significant advances in the field, instrumentation recommendations 
were modernized.
(b)  Heat Transfer.  To enlarge the schedule “window” for the condenser test while maintaining accurate test results, 

the separate heat-transfer resistance method with the latest correlations was adopted.
(c)  Implementation.  To clarify the Code rules and produce a virtually self-contained document, techniques and 

instrumentation descriptions were written in an explicit and detailed manner.
(d)  Uncertainty Determinations.  To ensure proper applications of uncertainty analysis, all the particulars of this 

somewhat daunting estimate (a very important and now necessary aspect of every test)  were presented.
(e)  Data Acquisition.  To improve the condenser test effectiveness, computerized data acquisition for the testing and 

data reduction was recommended; however, the Code was written so that this approach was not necessary.
(f)  Cleanliness Testing.  To be certain the condenser performance results were not predestined, a mandatory cleanli-

ness test was required by the 1998 edition of the Code.  It is important to note, though, that the previous cleanliness 
test section was replaced in its entirety with a new, pragmatic fouling test procedure.

Last, the expanded fifth edition of the Code was retitled Steam Surface Condensers.  This Code was approved by the 
PTC 12.2 Committee on January 20, 1996.  It was then approved and adopted by the Council as a standard practice of the 
Society by action of the Board on Performance Test Codes (BPTC) on December 20, 1996.  This Performance Test Code 
was also approved as an American National Standard by the ANSI Board of Standards Review on February 20, 1998.

The 1998 Condenser Test Code was mainly focused on conducting a rigorous, full-scale acceptance test.  After several 
years of experience with that Code, it was reported that its use was infrequent because of the complicated and expensive 
requirements of a full-scale condenser performance test.  The PTC 12.2 Committee was reconstituted on June 14, 2007, to 
undertake a revision of the Code.  The Committee decided that the revision would include a less rigorous test that would 
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also be considered as an acceptance test.  The rationale was to better establish equipment-performance metrics with the 
philosophy of promoting testing.  This less-accurate test provides a slight relaxation of the allowable test conditions and 
requirements.  The revision includes an update of the condenser test technology.

This, the sixth edition of the Code, was approved by the PTC Standards Committee on November 2, 2009, and 
approved and adopted as a standard practice of the Society by action of the Board on Standardization and Testing on 
December 8, 2009.  The Performance Test Code was also approved as an American National Standard by the ANSI Board 
of Standards Review on January 14, 2010.
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CORRESPONDENCE WITH  THE PTC COMMITTEE

General.  ASME Codes are developed and maintained with the intent to represent the consensus of concerned inter-
ests.  As such, users of this Code may interact with the Committee by requesting interpretations, proposing revisions, 
and attending Committee meetings.  Correspondence should be addressed to

Secretary, PTC Standards Committee
The American Society of Mechanical Engineers
Three Park Avenue
New York, NY 10016-5990
http://go.asme.org/inquiry

Proposing Revisions.  Revisions are made periodically to the Code to incorporate changes that appear necessary or 
desirable, as demonstrated by the experience gained from the application of the Code.  Approved revisions will be 
published periodically.

The Committee welcomes proposals for revisions to this Code.  Such proposals should be as specific as possible, cit-
ing the paragraph number(s), the proposed wording, and a detailed description of the reasons for the proposal includ-
ing any pertinent documentation.

Proposing a Case.  Cases may be issued for the purpose of providing alternative rules when justified, to permit early 
implementation of an approved revision when the need is urgent, or to provide rules not covered by existing provi-
sions.  Cases are effective immediately upon ASME approval and shall be posted on the ASME Committee Web Page.

Request for cases shall provide a Statement of Need and background information.  The request should identify the 
Code, paragraph, figure or table number(s), and be written as a Question and Reply in the same format as existing 
Cases.  Requests for Cases should also indicate the applicable edition of the Code to which the proposed Case applies.

Interpretations.  Upon request, the PTC Standards Committee will render an interpretation of any requirement of the 
Code.  Interpretations can be rendered only in response to a written request sent to the Secretary of the PTC Standards 
Committee.

The request for interpretation should be clear and unambiguous.  It is further recommended that the inquirer submit 
his request in the following format:

Subject:   Cite the applicable paragraph number(s)  and a concise description.

Edition:   Cite the applicable edition of the Code for which the interpretation is being requested.

Question:   Phrase the question as a request for an interpretation of a specific requirement suitable for general 
understanding and use, not as a request for an approval of a proprietary design or situation.  
The inquirer may also include any plans or drawings that are necessary to explain the question; 
however, they should not contain proprietary names or information.

Requests that are not in this format will be rewritten in this format by the Committee prior to being answered, which 
may inadvertently change the intent of the original request.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might 
affect an interpretation is available.  Further, persons aggrieved by an interpretation may appeal to the cognizant ASME 
Committee.  ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or 
activity.

Attending Committee Meetings.  The PTC Standards Committee holds meetings or telephone conferences, which are 
open to the public.  Persons wishing to attend any meeting or telephone conference should contact the Secretary of the 
PTC Standards Committee.
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Steam Surface condenSerS

Introduction

This Code describes instruments, test procedures, and 
methods of test-data analysis to be used to determine 
and monitor the performance of steam surface condens-
ers.  It provides explicit test procedures that will yield 
results of the highest level of accuracy consistent with 
the best current engineering practices and knowledge in 
this feld.  The Code is not intended to be used for tests of 
condensers or heat exchangers operating above atmos-
pheric pressure or air-cooled condensers.

To aid in an overall study of the Code, the following 
review sequences are recommended:

(a)  A quick survey of the Code can be obtained by 
reading the introductions to each Section followed by 
the test procedures fowcharts in subsection 4-9 and 
Nonmandatory Appendices B, G, and H, and the Test 
Plan Checklist in Nonmandatory Appendix B.

(b)  At the plant design, contractual agreement, or 
specifcation stage, it is advisable to review in order the 
following:

(1 )  achievable test uncertainty as stated in sub-
section 1-3

(2)  test procedures, or alternatively the particular 
special test from Nonmandatory Appendix A

(3)  test plan and fowcharts
(4)  guiding principles (see Section 3)
(5)  instrumentation and methods of measurement 

to determine the hardware that must exist or be installed 

in the condenser to determine the recommended meas-
urements (see Section 4)

(c)  Those interested in performance monitoring 
should review Nonmandatory Appendix C, then the 
test plan and fowcharts before reviewing Code Section 
details.

When this Code is to be used to determine fulfllment 
of contractual obligations, the contracting parties shall 
agree in advance on the test procedures, uncertainty 
estimates and implications, and methods of presenta-
tion of data and presentation of results.

Considerable efforts were made to write this con-
denser Code so that all the related technology would 
be contained within the document itself;  however, this 
was not possible in all instances.  In these cases and 
unless otherwise specifed, all references to other codes 
refer to ASME Performance Test Codes.  Any terms not 
defned herein are listed in ASME PTC 2, Defnitions 
and Values [1 ] .  Descriptions of instruments, appara-
tus, and the general basis of the uncertainty analysis 
beyond that specifed in this Code may be found in the 
Supplements on Instruments and Apparatus, ASME 
PTC 1 9.1  [1 ] .  A careful study should be made of all 
the referenced codes, but in the event of discrepancies 
between the specifc directions contained herein and 
those Codes incorporated by reference, ASME PTC 
1 2.2 shall govern.
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Section  1
object  and  Scope

1-1  oBJect

This Code provides standard directions and rules for 
conducting and reporting performance tests of water-
cooled, steam surface condensers, hereafter referred to 
as condensers.  This Code provides explicit test proce-
dures for performing a reasonably accurate, pragmatic 
level of performance testing.  

If higher levels of accuracy are desired, the alterna-
tive test, described in Nonmandatory Appendix A, can 
be performed in lieu of the test.  

Acceptance testing is used to determine compliance 
with contractual obligations and can be incorporated 
into commercial agreements.  The test shall be consid-
ered an ASME Code test only if the test procedures com-
ply with this Code.

1-1.1  Performance  Parameters

This Code provides rules for determining the follow-
ing condenser performance parameters:

(a)  the absolute pressure maintained by the condenser
(b)  the test pressure of the condenser corrected to the 

design-reference conditions
(c)  the extent of condensate subcooling
(d)  the amount of dissolved oxygen in the condensate
(e)  the tubeside pressure drop

1-1.2 test  methods

Test methods for determining the condenser perform-
ance and degree of tube fouling, expressed as a cleanliness 
factor and fouling resistance, are described for both tests.

1-2 ScoPe

The rules and instructions included in this Code are 
for the condenser.  The test does not assess the per-

formance of any of the auxiliary apparatus associ-
ated with the condenser.  For any related equipment 
components,  refer to other ASME Performance Test 
Codes.

1-3 uncertaIntY

The test results shall be considered the direct evidence 
of the condenser ’s performance.  These test results shall 
not be adjusted by the test uncertainty.

(a)  The uncertainty for this performance test has 
been predetermined for typical instrumentation as 
recommended in Section 4.  Using the recommended 
instrumentation, the test uncertainties of the follow-
ing parameters are expected to be no greater than those 
listed below:

(1 )  absolute pressure maintained by the con-
denser, 0.17 kPa (0.05 in.   HgA)

(2)  the test pressure adjusted to the design or ref-
erence point, 0.51  kPa (0.15 in.  Hg)

(3)  condensate subcooling, 0.118C (0.28F)
(4)  dissolved oxygen in the condensate, 4.0 g/L 

(4.0 ppb)
(5)  tubeside pressure drop, 9%

(b)  The typical expected uncertainties of perform-
ing the alternative test, as described in Nonmandatory 
Appendix A, are as follows:

(1 )  absolute pressure maintained by the con-
denser, 0.14 kPa (0.04 in.  HgA)

(2)  the test pressure adjusted to the design or ref-
erence point, 0.41  kPa (0.12 in.  Hg)

(3)  condensate subcooling, 0.118C (0.28F)
(4)  dissolved oxygen in the condensate, 4.0 

g/L (4.0 ppb)
(5)  tubeside pressure drop, 9%
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2-1  SYmBoLS

The symbols in Table 2-1-1  are used unless otherwise 
defned in the text.

2-2 SuBScrIPtS

The following subscripts are used unless otherwise 
defned in the text:

Symbol Term

B Bulk

c Clean

DO Dissolved  oxygen

F Film

f Fouling factor

G Gas (noncondensible)

i Inside  tube

m Metal

o Outside tube

s Shell or steam

sat Saturation

t Tubeside

V Vapor

w Wall of tube

x Low-pressure section

y Intermediate-pressure section

z High-pressure section

1 Inlet

2 Outlet

3 Condensate

D Differential

2-3 SuPerScrIPtS

The following superscripts are used unless otherwise 
defned in the text:

Symbol Description

* Value derived  from the  design  reference

1 Measured  value or calculated  value at the test  

conditions

o Test value corrected  to  the design-reference  

conditions

Section  2
defn itions and  descriptions of terms

table  2-1-1  Symbols

Units

Symbol Term Description

U.S.   

Customary SI

A Effective outside-

tube surface area

Total active external area of all tubes in  condenser,  including external  

air cooler if used.  Active area excludes any tubes that may be plugged  

at time of test.

ft2 m2

c
f

Cleanliness factor Ratio  of thermal transmittance of tubes to  that of new or cleaned  (to  a  

like-new state)  tubes operating under identical conditions

… …

c
p

Specifc heat Specifc heat of cooling water at average temperature and  for salin ity  

measured  during test

Btu/lb•8F J/gK

D Tube diameter Diameter of condenser tube … m

DO Dissolved  oxygen Amount of oxygen  dissolved  in  condensate ppb µg/L

d Tube diameter Diameter of condenser tube in. …

F Fluorescence Measure of the presence of an  indicating dye in  percent of solution  for  

use in  determining fow rate  in  large conduits (percent)

… …
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table  2-1-1  Symbols (cont'd)

Units

Symbol Term Description

U.S.   

Customary SI

g Acceleration  of  

gravity

Constant used  in  Nusselt equation ft/sec2 m/s2

h Heat-transfer  

coeffcient

Rate of heat transfer per unit of surface area and  temperature difference Btu/hr ∙  ft2  ∙  8F W/m2  ∙  K

j Variable Summation … …

k Thermal  

conductivity

Rate of heat transfer per unit of distance within  a material (with  values as  

listed  in  a recognized  standard)

Btu/hr ∙  ft ∙  8F W/m ∙  K

L Length Condenser tube length ft m

LMTD Log mean  tempera-

ture difference

Computed  logarithmic mean  temperature difference between  steam and   

cooling water (see Section  5)

8F 8C

ln Natural logarithm … …

m Molecular weight Formula mass lb/lb-mol kg/kg-mol

N Quantity Number of condenser tubes … …

NTU Number of heat-

transfer units

… …

n Quantity Number of condenser tubes passes … …

P Pressure Absolute fuid  pressure in.  HgA kPa

Pr Prandtl number Ratio  of momentum diffusivity to  thermal diffusivity (c
p
/k) … …

Q Condenser heat  

load

Rate at which  heat in  steam is  transferred  to  cooling water.  This is usually 

considered  the  independent variable in  any condenser test.

Btu/hr W

R Resistance Heat-transfer resistance hr ∙  ft2  ∙  8F/Btu m2K/W

Re Reynolds number Ratio  of inertial reaction  per unit volume of fuid  to  viscous force per unit 

volume of fuid  (d
i
v/)

… …

SCFM Air in-leakage Measured  rate of standard  air in-leakage into condenser at 1  atm  (14.7 

psia)  and  15.568C (608F)  as discharged  from the  air-removal system

scfm slpm

T Temperature Temperature  of cooling water,  steam,  or condensate 8F 8C

ΔT Temperature  

differential

Difference in  fuid  temperature between  two points 8F 8C

U Overall heat-trans-

fer coeffcient

Rate of heat transfer per unit of surface area and  temperature differ-

ence.  This quantity is the fundamental measure of the condenser 

performance.

Btu/hr ∙  ft2  ∙  8F W/m2K

v Cooling-water 

velocity

Average water velocity through  tubes.  For multipass condensers with  an  

unequal number of tubes in  the different passes,  the average of the 

average velocities for all passes shall be used.

ft/sec m/s

w Flow rate Quantity of cooling water passing through  condenser per unit of time lb/hr kg/h

Ws Steam fow rate Quantity of steam entering condenser per unit of time lb/hr kg/h

D Differential Difference between  two measured  values … …

DH Differential  

pressure

Differential pressure across the orifce plate in  a water gauge in. cm

DP Pressure drop Loss of pressure due to  friction  in  fuid  system between  two points psi kPa

 Viscosity Intensity of viscous shear within  a fuid lb/hr ∙  ft kg/s ∙  m

 Density Ratio  of mass to  volume of a fuid  or solid lb/ft3 kg/m3
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Section  3
Guiding Principles

3-1  PurPoSe and Intent

This test is  designed to measure condenser per-
formance and associated parameters.  For accept-
ance testing,  a  test plan should be created following 
the guidelines given in this Section.  Nonmandatory 
Appendix B contains fowcharts and checklists for 
creating a test plan.  

3-2 aGreement BetWeen  PartIeS to tHe teSt

For multiparty tests, agreement shall be reached on 
the specifc objectives of the test and the method of 
operation.  The agreement shall refect the intent of any 
applicable contract or specifcation.  Any specifed or 
contractual operating conditions, or any specifed per-
formance that is pertinent to the objective of the test, 
shall be ascertained.  The arrangement and operating 
conditions of pertinent equipment and systems shall be 
established during the agreement on test methods.

3-3 teSt conSIderatIonS

The following typical issues should be considered in 
the system and equipment design, as they would impact 
the test:

(a)  objective of the test (e.g., absolute pressure, design 
pressure, subcooling, dissolved oxygen, tubeside pres-
sure drop, tube-bundle performance, cleanliness factor, 
fouling resistance)

(b)  test boundaries
(c)  the timing of the test
(d)  operating conditions
(e)  guarantees
(f)  treatment of anticipated deviations from the 

requirements of this Code
(g)  means of determining overall heat-transfer 

coeffcient
(h) means for determining condenser shellside pressure 
(i) means for determining cooling-water temperatures 
(j)  means for determining cooling-water fow
(k)  means for determining condenser fouling
(l)  means for determining dissolved oxygen in the 

condensate
(m) means for determining condensate subcooling
(n)  means for determining cooling-water pressure 

drop

(o)  action to be taken on evidence that the condition 
of the condenser is unsuitable for testing

(p)  provisions for temporary installation of test instru-
ments (see also Section 4)

(q)  whether the testing is to be performed on each 
piece of equipment separately or on the system as a 
whole

3-4 PreteSt aGreementS

The following is a list of typical items upon which 
agreement shall be reached prior to conducting the test 
and which shall be incorporated into the site-specifc 
test plan:

(a)  measurements to be used in the calculation of  
test variables.

(b)  means for maintaining constant or controllable 
test conditions.

(c)  number, location, type, and calibration of 
instruments.

(d)  valve lineup defning the position of applicable 
manual and automatic valves.

(e)  method of diverting or measuring drain makeup 
water and other incoming fows.

(f)  means for verifcation that allowable nonconden-
sibles are within limits of Table 3-4-1.

(g)  method for confrming condensate dissolved oxy-
gen (e.g., plant instrumentation, external lab tests).

(h)  organization and training of test participants, test 
direction, arrangements for data collection, and data 
reduction.

(i)  operating conditions during test runs, including, 
but not limited to, steam extraction and cycle makeup.

(j)  allowable deviations from design, test code, or 
test plan.

(k)  number of test runs.
(l)  duration of each test run.
(m) duration of stabilization period prior to beginning 

a test run.
(n)  methods for determining the validity of repeated 

test runs.
(o)  frequency of observations.
(p)  analytical procedures and factors to adjust test 

conditions to specifed conditions, per Table 3-4-2.
(q)  method of determining any corrections not other-

wise addressed by this Code.
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table  3-4-1  noncondensible  Gas Load  (air In-Leakage  Lim its)

SI  Units

Number of   

Shells

Total Exhaust Steam Flow,  

kg/hr

Noncondensible Gas Load Limit [per unit],   

slpm

1 Up to  113  378.7 85

1 113 378.7–226 757.4 113

1 226 757.4–453  514.7 142

1 453  514.7–907 029.5 170

1 907 029.5–1  360 544.2 198

1 1  360 544.2–1  814 059 226

2 90 703–226 757.4 142

2 226 757.4–453  514.7 170

2 453  514.7–907 029.5 255

2 907 029.5–1  814 059 311

2 1  814 059–2  721  088.4  368

2 2  721  088.4–3 628 117.9  425

3 340 136.1–1  360 544.2  311

3 1  360 544.2–3  628 117.9  396

3 3 628 117.9–4 081  632.7  482

3 4 081  632.7–5  442  176.9  566 

U.S.  Customary Units

Number of 

Shells

Total Exhaust Steam Flow,

lb/hr

Noncondensible Gas Load Limit [per unit],

scfm

1 Up to  250,000 3.0

1 250,000–500,000 4.0

1 500,000–1 ,000,000 5.0

1 1 ,000,000–2,000,000 6.0

1 2,000,000–3,000,000 7.0

1 3,000,000–4,000,000 8.0

2 200,000–500,000 5.0

2 500,000–1 ,000,000 6.0

2 1 ,000,000–2,000,000 9.0

2 2,000,000–4,000,000 11 .0

2 4,000,000–6,000,000 13.0

2 6,000,000–8,000,000 15.0

3 750,000–3,000,000 11 .0

3 3,000,000–6,000,000 14.0

3 6,000,000–9,000,000 17.0

3 9,000,000–12,000,000 20.0
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(r)  system limitations caused by external factors 
that prevent attainment of design operation within a 
practical time period.  This may include a situation where 
full electrical load cannot be attained or a case where a 
steam host is unavailable to receive process steam.

(s)  method of determining adjusted test results.
(t)  specifc responsibilities of each party to the test.
(u) test report distribution.
(v)  acceptance criteria for tubeside blockage and 

tubeside fouling.

3-5 aLLoWaBLe deVIatIonS

Testing shall be performed under conditions of con-
stant inlet-water temperature, heat load, and cooling-
water fow within the limits specifed in Table 3-4-2.  
Performance degradation that is not inherent to the design 
or the fabrication of the condenser should be noted, such 
as tube fouling, pluggage, sleeving, and tube-sheet block-
age.  Similarly, abnormal operation or internal items such 
as failure of lines, connections, or spargers to operate as 
designed within the steam space should also be noted.

3-6 PreParatIon  for teSt 

Prior to the test, the parties to the test shall be given an 
opportunity to examine and familiarize themselves with 
all the apparatus connected with the condenser, and all 
piping. The selected instruments and their calibration shall 
also be agreed upon in advance of the test.  Instrument read-
ings should be taken prior to the test to ensure all instru-
ments are suitably connected and operating properly.

3-7 condenSer ISoLatIon

As required, a method of diverting or measuring 
drains shall be agreed upon prior to testing.  Any perti-
nent drains or dumps that can jeopardize the results of 
the test shall be isolated.  This includes makeup water 
that can affect dissolved-oxygen concentration dis-
cussed in subsection 3-11.

3-8 noncondenSIBLe GaS Load

Excessive air in-leakage often degrades the condenser 
performance and increases the concentration of dis-
solved oxygen in the condensate.  Since the air in-leakage 
directly impacts the condenser heat-transfer capability, 

it must be within the limits set in Table 3-4-1.  This will 
ensure that the performance of the condenser has not 
been impaired prior to the test.  The noncondensible 
gas load shall be measured to assure adherence to the 
guidelines in Table 3-4-1.  Techniques for measuring non-
condensible gas load are given in ASME PTC 19.5 [1] .  It 
is important to verify that all air-removal equipment is 
functioning properly prior to the performance test.

NOTE:  For single- or two-shell units with large total exhaust steam 

fow, refer to Table 3-4-1  values for three shells and the correspond-

ing total exhaust fow in service.

3-9 tuBeSIde BLocKaGe

The accumulation of debris on the inlet tube sheet is 
common in surface condensers and may even occur when 
the cooling water is carefully screened.  Such accumula-
tion results in totally or partially blocked fow to some 
tubes, thereby reducing the active surface area of the con-
denser.  It is highly recommended that differential pres-
sure measurement be employed throughout testing.

3-10 tuBeSIde fouLInG

All condenser tubes shall be thoroughly cleaned just 
prior to the test.  See Section 4 for the methods of deter-
mining the quantitative effect of tubeside fouling.

3-11  dISSoLVed oXYGen

For a dissolved-oxygen concentration of 14 µg/L 
(ppb), the total water introduced into the condenser shell 
at a temperature lower than the inlet-steam temperature 
shall not be more than 5% of the steam being condensed 
or more than 3% for a 7 µg/ L (ppb)  dissolved-oxygen 
concentration.

When testing to determine compliance with the speci-
fed dissolved-oxygen concentration [para.  1-1 .1(d)] , the 
air in-leakage rates shown in Table 3-4-2 are not appli-
cable.  The air in-leakage rates shown in Table A-1-1  of 
Nonmandatory Appendix A shall be used.

Special considerations apply when testing systems 
where excessive makeup is introduced or where higher 
levels of dissolved oxygen are required for the con-
denser design.  The dissolved-oxygen concentration in 
the condensate of such systems can be unstable and dif-
fcult to measure.

table  3-4-2 allowable  deviations from  Specifed  test  and  Steady-State  conditions

Testing Parameter Deviation  Limit From Specifed Test Conditions Constancy of Conditions

I nlet cooling-water temperature 68C (10.88F) 1 8C (1 .88F)  

Heat load 5% 2% 

Cooling-water fow 5% 2% 
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3-12 PreLImInarY teStInG

Prior to performing the frst test run, a preliminary 
test shall be conducted for the purpose of
(a)  determining whether all components are in suit-

able condition to conduct the test
(b)  determining whether all components have been 

properly isolated
(c)  checking all instruments for proper operation and 

accuracy
(d)  determining whether the methods of measure-

ment conform to subsection 4-3
(e)  determining whether all testing parameters con-

form to Tables 3-4-1  and 3-4-2
(f)  adjusting the test plan as required
(g)  training of personnel who are performing the test
Parties to the test should conduct reasonable pre-

liminary test runs as necessary.  Observations during 
preliminary test runs should be carried through to the 
calculation of results as an overall check of procedure, 
layout, and organization.  If such a preliminary test run 
complies with all the necessary requirements of this 
Code, it may be used as an offcial test run.

3-13 teSt recordS

3-13.1  test  readings 

To the extent possible, test readings shall be recorded 
on a data acquisition system.  A complete set of test data 
shall become the property of each party to the test at the 
end of the test.

Upon completion of the test, the test data shall be 
reviewed to determine if any data should be rejected 
prior to calculation of the test results.  If inconsisten-
cies are observed in instrument readings during any 
test period, the data collected from that period shall 
be rejected, or it may be invalidated only in part if the 
affected part is at the beginning or end of the test run.

3-13.2 reporting of results

In all cases, the test results shall be reported
(a)  as calculated from the test readings recorded dur-

ing the test, with only instrument calibration adjust-
ments having been applied
(b)  as adjusted for deviations of the test conditions 

from the specifed design conditions

3-14 duratIon  of teSt runS

After steady-state conditions are achieved, a 1-hr 
data collection period is suffcient for a single test run.  
Readings shall be taken at intervals not exceeding 5 min.  
For a 1-hr test, a minimum of 13 test readings for each 
parameter shall be taken.

3-15 determInInG tHe oVeraLL Heat-tranSfer 
coeffIcIent, u

3-15.1  General considerations

The main purpose of the test is to provide uniform 
guidelines to obtain an accurate overall heat-transfer 
coeffcient, U, at the test condition.  For an acceptance 
test, once U is adjusted to the specifed point, the abso-
lute pressure of the condenser at the specifed point can 
be established.

The results from the test shall be corrected to specifed 
conditions using the procedures described in Section 5.  
These correlations determine the ability of the unit to 
condense the required amount of steam and to main-
tain the nominal condenser pressure at test conditions 
adjusted to the specifed design, or guarantee point.  For 
a Code test, these corrections shall be applied properly.

Determining any two of the three following test 
parameters allows calculation of the third:
(a)  cooling-water fow
(b)  condenser temperature rise
(c)  condenser heat load
This would meet the requirements necessary to per-

form a complete equipment heat balance and ultimately 
serve as the foundation for calculating U.  The corrections 
described in Section 5 are based on the governing heat-
transfer mechanisms, using a log mean temperature dif-
ference (LMTD) approach to determine the overall U.

3-15.2 measurements

To obtain an accurate U, the condenser shellside pres-
sure, cooling-water inlet and outlet temperatures, and 
cooling-water fow shall be measured.

3-15.2.1  condenser Shellside  Pressure.  The con-
denser shellside pressure is the main basis for the design 
or guarantee point.  Condenser pressure is therefore a 
key measurement.  The shellside saturation temperature, 
used in determination of U, is determined from the con-
denser shellside pressure.  Acceptable instrumentation 
for the measurement of condenser pressure is described 
in subsection 4-3.

3-15.2.2 cooling-Water Inlet  and  outlet  temperatures.  
Inlet and outlet cooling-water temperatures are used to 
determine the U of the condenser.  Since inlet cooling-
water temperature is also specifed in the design or guar-
antee conditions for the condenser, it is important that 
the inlet cooling-water temperature during the tests be 
within the guidelines specifed in Section 3 and Section 
4.  Because outlet temperature stratifcation often occurs 
in condensers, particular attention shall be paid to the 
determination of outlet temperature.  Careful considera-
tion of the requirements of subsection 4-4 and the physi-
cal characteristics of the condenser installation should 
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precede any decision on the best means and location for 
measuring the outlet temperature.

3-15.2.3 cooling-Water flow. Unless a turbine test 
per ASME PTC 6 [1]  is performed concurrently, direct 
measurement of the cooling-water fow rate, together 
with the inlet and outlet temperatures, is the preferred 
method of determining the heat load on the condenser, 
which is required to determine U.  Several methods 
for accurately determining the cooling-water fow rate 
are given in subsection 4-5.  Choice of an appropriate 
method shall be made only after considering both the 
requirements of the individual method and the charac-
teristics of the particular installation.

It is extremely important that an appropriate method 
of cooling-water fow measurement is chosen.  The 
heat load may also be determined by a full steam-cycle 
energy balance, performed in conjunction with a full 
turbine test as specifed by ASME PTC 6 [1] .  In this case, 
the cooling-water fow rate is not required for the deter-
mination of heat load.

3-16 auXILIarY ParameterS

There are three auxiliary tests described by this Code:
(a)  a dissolved-oxygen test
(b)  a condensate subcooling test
(c)  a condenser hydraulic-pressure-drop test
Data should be collected coincident with the heat-

transfer test of this Code, or separate tests.  Other auxil-
iary tests such as air binding of noncondensible removal 
equipment may also be useful for diagnostic testing and 
are given in Nonmandatory Appendices G and H.

3-16.1  dissolved  oxygen

The dissolved-oxygen concentration in the condensate 
is often a guarantee item for the acceptance of a condenser.  

The test method for determination of dissolved oxygen is 
given in subsection 4-11.  The test for dissolved oxygen 
should be conducted at the same time as the condenser 
tests, to ensure that all operating requirements are met.

It is especially important that the air-removal 
equipment be operating properly and that air in-
leakage be held to acceptable limits during the tests.  
Noncondensible gas load is discussed in subsection 
3-11 .  Further guidance on the assessment of the opera-
tion of the air-removal equipment can be found in 
Nonmandatory Appendix H.

3-16.2 condensate  Subcooling

Condensate subcooling (condensate depression)  is the 
degree to which the condensate has been cooled below 
the saturation temperature corresponding to the meas-
ured condenser shellside pressure.  Condensate sub-
cooling shall be measured if it is a design or guarantee 
point for the condenser, or if it is of interest for general 
performance calculations.  The condensate temperature 
shall be determined at the same time as the heat-transfer 
test, using the method given in subsection 4-12.

3-16.3 cooling-Water Pressure  drop

The pressure drop across the condenser shall be 
adjusted from actual to design fow and should be equal 
to or less than the design values.  The condenser pres-
sure drop shall be measured from the inlet waterbox or 
its nozzle to the outlet waterbox or its nozzle at the same 
elevation of the condenser.  The pressure-drop measure-
ments shall be made at the same time as the condenser 
test.  Methods for measuring the condenser pressure 
drop are given in subsection 4-10.  The pressure drop 
across the condenser shall be corrected from actual to 
nominal design fow using the procedure described in 

Section 5.
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4-1  PurPoSe and Intent

This Section describes the instruments and the meth-
ods required for the performance test.  Table 4-1-1  lists the 
instrumentation, with test-point location and required 
accuracy.  Achievement of the required accuracy for each 
measurement parameter is the single most important 
criteria in selecting the appropriate method and location 
of measurement.  

Where this Code refers to the standards and cali-
brations of the National Institute of Standards and 
Technology (NIST), the standards and calibrations of 
other equivalent national standards laboratories should 
be used as appropriate for the country of the testing.

This Code shall not be construed as preventing the 
use of advanced technologies or methods of measure-
ment not explicitly described herein, provided that the 
accuracy requirements of Table 4-1-1  are achieved.

4-2 LocatIon  of teSt PoIntS

4-2.1  General

Figure 4-2.1-1  illustrates the location of the test points.  
Test points not required to conduct the test may be 
included for any other purposes.

4-2.2 Single-Pressure  Surface  condenser

Figure 4-2.1-1  shows the location of the test points in 
the condenser that are needed to obtain the performance 
data required for a single-pass, single-pressure surface 
condenser.  The fnal location of all test points should be 
determined by mutual agreement, taking into account 
the internal design of the condenser and external pip-
ing confguration, both of which may result in stratif-
cation at the measurement points.  Test points internal 
to the condenser, such as basket tips and thermowells, 
should be located to avoid interference from the con-
denser ’s internal structural bracing and components.  
Field-installed test connections may require repair of the 
coating or lining.

4-2.3 multipressure  Surface  condenser

The test-point locations for multipass and multipres-
sure surface condensers will be similar to those illustrated 
in Fig.  4-2.1-1  except for the following considerations:

(a) Single-shell multipressure  condensers  require addi-
tional condenser-pressure test points above each tube 

bundle in each of the multipressure condensing zones.  
The performance of each zone should be closely estimated 
by measuring the fnal outlet temperature in accordance 
with para.  4-4.2 and proportioning the temperature rise 
of each zone using procedures described in Section 5.

(b)  Multiple-shell multipressure condensers  require addi-
tional pressure and temperature test points to measure 
the inlet and outlet cooling-water pressure and tem-
perature for each of the multipressure condenser shells.  
Stratifcation can persist in the short length of the cool-
ing-water crossover piping between multipressure con-
denser shells.  Therefore, the average temperature of the 
inlet cooling water to the intermediate- or high-pressure 
shells shall be measured in accordance with procedures 
described in para.  4-4.2.

4-2.4 two-Pass Surface  condensers

Test points shall be generally the same as those for 
the single-pressure condenser.  No measurements are 
required at the return waterbox.

4-3 meaSurement of condenSer PreSSure

4-3.1  measurement  Locations

Condenser pressure shall be measured at least 0.3 m 
(1  ft)  and no more than 0.91  m (3 ft)  above each tube 
bundle.  A tube bundle is considered to be all tubes con-
nected to a single waterbox.  For single- and multiple-
shell condensers with only one tube bundle per shell, 
there shall be at least three measuring points in each 
shell.  For single-shell and multiple-shell condensers 
with two adjacent tube bundles per shell, there shall be 
at least two measuring points per tube bundle in each 
shell.  For single-shell multipressure condensers, there 
shall be at least two measuring points per tube bundle in 
each compartment.  If tube bundles are arranged one on 
top of the other, measurement points need only be pro-
vided for the uppermost bundle.  Where three measur-
ing points are required, they shall be located lengthwise 
near the quarter points of the tube bundle as shown in 
Fig.  4-2.1-1.  Where two measuring points per bundle are 
required, they shall be located lengthwise near the third 
points of the tube bundle.  In either case, the lateral posi-
tion of the measuring points shall be as close to the lateral 
midpoint of the bundle as is practical.  Care should be 
taken to avoid locating the measurement points in areas 

Section  4
Instruments and  methods of measurement
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that may be infuenced by unusually high steam veloci-
ties or by local separation zones formed by obstructions 
in the condenser neck.

4-3.2 Primary Pressure-Sensing elements

For a condenser transition piece where the walls 
are parallel to the direction of steam fow, wall static 
pressure taps should be located in the transition piece, 
following the recommendations given in para 4-3.1  
for lengthwise placement.  Where wall static pressure 
taps cannot be used, basket tips or guide plates should 
be located in the interior of the condenser transition 
piece according to the general directions given in para.  
4-3.1 .

4-3.2.1  Static  Pressure  taps. Static pressure taps 
shall conform to the requirements of subsection 4-1  of 
ASME PTC 19.2 [1] .  In particular, care shall be taken to 
ensure that no obstructions exist in the vicinity of the 
taps, and that the taps themselves are smooth and free 
of burrs.

4-3.2.2 Basket  tips.  Basket tips shall be con-
structed as shown in Fig.  4-3.2.2-1  and shall be installed 
at an angle between 30 deg and 60 deg to the mean 
fow direction.  Alternatively, the construction shown 
for turbine exhaust pressure in ASME PTC 6 [1 ]  should 
be used.

4-3.2.3 Guide  Plates. Guide plates shall be con-
structed as shown in Fig.  4-3.2.3-1  and should be ori-
ented so that the steam fow is parallel to the guide 
plates as shown in the fgure.

The typical pressure-sensing element for condens-
ers operating with medium and large steam turbine 
installations would be basket tips since some or all of 
the associated walls of the condenser transition piece 
would not be parallel to the direction of steam fow.  
Pressure-sensing piping for the pressure measurement 
shall conform to the general requirements of ASME 
PTC 19.2 [1 ] ;  the minimum diameter shall be  3/8  in.  
In particular, care should be taken to ensure that all 
piping and connections are air and steam tight, are 
connected by the most practical route, and pitch con-
tinuously downward from the pressure-measurement 
device to the pressure-sensing element to ensure drain-
age.  The gauges shall be mounted so as to be free from 
excessive vibration.  Each pressure-measurement point 
should be provided with a dedicated pressure-meas-
uring device, or manifolds should be used to switch a 
single pressure-measuring device to several pressure-
measuring points.  Care shall be taken to ensure that 
the manifold provides vacuum-tight isolation of each 
measurement point and that the line and manifold are 
purged of any water.  Manifolds shall not be used as a 
means to average pressure readings by connecting sev-
eral measuring points to the same pressure-measuring 
device simultaneously.

4-3.3 Pressure  transducers

Mercury manometers shall not be used because of 
the environmental and operation hazards they present 
in case of an accidental spill of the mercury.  Electronic 
absolute-pressure transducers are recommended pro-
vided that they are calibrated before the test program 
using NIST-traceable standards.  For more information, 
refer to ASME PTC 19.2 [1] .

table  4-1-1  typical total Instrument  accuracy

Instrument Measurement,  Including System Error Test

Alternative Test  

(Nonmandatory Appendix A)

Condenser pressure 0.05  in .  Hg 0.04 in.  Hg

Inlet-water temperature 0.1 8F 0.1 8F

Outlet-water temperature 0.38F 0.28F

Air in-leakage 2.0 scfm 2.0 scfm

Cleanliness factor fouled  tubes inlet temperature N/A 0.1 8F

Cleanliness factor fouled  tubes outlet temperature N/A 0.758F

Cleanliness factor clean  tubes in let temperature N/A 0.1 8F

Cleanliness factor clean  tubes outlet temperature N/A 0.758F

Cooling-water fow (% of reading) 3.0% 3.0%

Tube-bundle pressure loss (% of reading) 2% 2%

Dissolved  oxygen 2  ppb 2  ppb

GENERAL NOTE:  N/A =  not applicable.
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4-4 cooLInG-Water temPerature

4-4.1  Inlet  temperature

4-4.1.1  Location  of measurement  Points. Because 
the cooling water at the condenser inlet is generally well 
mixed, only one temperature-measuring device is usu-
ally necessary in each cooling-water inlet conduit.  At 
installations where there are concerns about adequate 
inlet cooling-water mixing, the multiple-point measure-
ment procedure described in Nonmandatory Appendix 
A should be followed.  Measurements should be taken 
by inserting a temperature-measuring device directly 
into the fow or from a thermowell that extends at least 
150 mm (6 in.)  into the fow but no farther than the mid-
point if the pipe diameter is less than 300 mm (12 in.).  If 
a well is used, it should be clean and flled with a suit-

able heat-transfer medium, such as glycol thermal paste, 
and insulation should be used around the probe to mini-
mize heat exchange with the environment.
If a single-point measurement is used, the measure-

ment should be made either at the inlet pipe or in the 
inlet waterbox.

4-4.1.2 Instruments. Inlet temperature measure-
ments shall be made with instruments having an accu-
racy of 0.068C (0.l8F).  Several instruments capable of 
achieving this accuracy are suitable for use in condenser 
testing, such as resistance-temperature devices (RTDs), 
thermocouples (TCs), thermistors, and liquid-in-glass 
thermometers.  Mercury thermometers shall not be used 
because of the potential environmental hazards posed 
by the mercury in case of breakage.  For more informa-
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tion, refer to ASME PTC 19.3 [1] .  Liquid-in-glass ther-
mometers should be of the total-immersion type with 
etched stems.  Thermometers should have clearly reada-
ble graduations of 0.068C (0.18F).  If the thermometer was 
calibrated for total immersion, an emergent stem correc-
tion factor as described in ASME PTC 19.3 [1]  should 
be applied.  The thermometer should be isolated from 
heat sources and be well illuminated.  The thermometer 
should be inspected before and after the tests to ensure 
that it is in good physical condition, with no breaks, 
cracks, or liquid separation.

Type E thermocouples are recommended for the tem-
perature range usually encountered at normal cooling-
water temperatures, because they are more sensitive.  
Continuous leads from the measuring tip to the thermo-
couple readout shall be provided to avoid errors due to 
thermally induced EMF at splice junctions.

One hundred–ohm platinum RTDs and thermistors 
with a nominal impedance of greater than 1,000 Ω  at 
08C (328F) are recommended.  For RTDs and thermis-
tors, either a three- or four-wire measurement is accept-
able.  The four-wire method is recommended, although 
the three-wire method may be used provided that the 
required measurement uncertainty can be achieved.  If 
the three-wire method is used, all RTD leads shall be 
continuous back to the measuring device to avoid errors 
due to unequal splice resistance.  This is not a require-
ment with the four-wire method or with thermistors.

4-4. 1 .3  ca l i b rat ion .  Temperature -measuring 
devices shall be calibrated in accordance with the manu-
facturer’s procedure using NIST-traceable standards [1] .  
If either thermocouples or three-wire RTDs are used, 
calibration shall include the lead wires.  A minimum of 
fve calibration points covering the expected range of 
temperatures shall be taken.

4-4.2 outlet  temperature

4-4.2.1  Location  of measurement  Points. The meas-
urement of outlet temperature is more diffcult than 
that of inlet temperature because uneven heat transfer 
or outlet-temperature stratifcation often occurs in con-
densers, and there may be nonuniform temperatures in 
the outlet pipe.

Measurement of the discharge temperature should be 
made far downstream from the condenser, where the 
discharge is well mixed and the temperature is uniform.  
This location is acceptable if the cooling-water discharge 
from the unit under test does not mix with any other 
fow, and if it can be determined that no stratifcation 
exists.

If another fow is mixed with the outlet cooling-water 
fow upstream of the temperature measurement point, 
the thermal effect of that fow shall be accounted for.

It has been determined that heat loss to the envi-
ronment is not signifcant at less than 1,000 diameters 
downstream from the condenser.

If an acceptable, well-mixed location cannot be found, 
then the outlet temperature shall be determined from 
an array of temperature measurements at each outlet 
pipe, at a suitably convenient location, as described in 
Nonmandatory Appendix A.

4-4.2.2 Instruments. Inlet temperature measure-
ments shall be made with instruments having an accu-
racy of 0.068C (0.l8F).  Several instruments capable of 
achieving this accuracy are suitable for use in condenser 
testing, such as resistance-temperature devices (RTDs), 
thermocouples (TCs), thermistors, and liquid-in-glass 
thermometers.  Mercury thermometers shall not be used 
because of the potential environmental hazards posed 
by the mercury in case of breakage.  For more informa-
tion, refer to ASME PTC 19.3 [1] .  Liquid-in-glass ther-
mometers should be of the total-immersion type with 
etched stems.  Thermometers should have clearly reada-
ble graduations of 0.068C (0.18F).  If the thermometer was 
calibrated for total immersion, an emergent stem correc-
tion factor as described in ASME PTC 19.3 [1]  should 
be applied.  The thermometer should be isolated from 
heat sources and be well illuminated.  The thermometer 
should be inspected before and after the tests to ensure 
that it is in good physical condition, with no breaks, 
cracks, or liquid separation.

Type E thermocouples are recommended for the tem-
perature range usually encountered at normal cooling-
water temperatures, because they are more sensitive.  
Continuous leads from the measuring tip to the thermo-
couple readout shall be provided to avoid errors due to 
thermally induced EMF at splice junctions.

One hundred–ohm platinum RTDs and thermis-
tors with a nominal impedance of greater than 1 ,000 
Ω  at 08C (328F)  are recommended.  For RTDs and ther-
mistors, either a three- or four-wire measurement is 
acceptable.  The four-wire method is recommended, 
although the three-wire method may be used pro-
vided that the required measurement uncertainty can 
be achieved.  If the three-wire method is used, all RTD 
leads shall be continuous back to the measuring device 
to avoid errors due to unequal splice resistance.  This is 
not a requirement with the four-wire method or with 
thermistors.

4-4.2 .3  ca l i b rat ion .  Temperature -measuring 
devices shall be calibrated in accordance with the manu-
facturer’s procedure using NIST-traceable standards [1] .  
If either thermocouples or three-wire RTDs are used, 
calibration shall include the lead wires.  A minimum of 
fve calibration points covering the expected range of 
temperatures shall be taken.

4-5 cooLInG-Water fLoW

The cooling-water fow is required to assess the per-
formance of the condenser.  The cooling-water fow rate 
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shall be defned as the fow rate of the water inside the 
condenser tubes.  The source of cooling water can be a 
river, lake, ocean (once-through cooling), or a cooling 
tower (closed loop).  If the source of cooling water is a 
cooling tower, measurements of the cooling-water fow 
rate shall be made in the piping leading to the tower 
or in its individual operating cells.  If fow measure-
ment in the hot-water piping to the tower is  not pos-
sible, due either to an inaccessible location or one that 
is likely to contain distorted velocity profles, measure-
ments should be made in the equipment-return piping 
from the tower.  If the measurement is impacted by fow 
streams not accounted for at the fow-measurement 
point, additional fow measurements may be required 
to accurately calculate the cooling-water fow rate.

Cooling-water fow determination is required for 
computing the tube-water velocity and for determin-
ing condenser heat load (condenser duty).  To ensure the 
highest level of measurement accuracy, consideration 
should be given to fow measurement at the design stage 
of any specifc project, and a suitably accurate method of 
measurement and a corresponding instrument location 
should be agreed upon by the purchaser and manufac-
turer from the start.

Flow devices should be installed at points in the 
cooling-water system where a fully developed veloc-
ity profle exists; for example, distortions of the velocity 
traverse, helical swirls, or vortices should be minimized.  
Choosing a desirable measurement location has a signif-
icant impact on the accuracy of any fow measurement, 
regardless of the instrumentation used.  Due to the nature, 
variation, and the number of accurate measurements 
required, the energy balance method should not be used 
to determine the fow rate except when performed con-
currently with an ASME PTC 6 test [1] .  The use of pump 
curves or other methods not discussed herein could 
result in an inaccurate determination of water fow rate.  
The dye-dilution method has been successfully applied 
in some installations, particularly in once-through cool-
ing-water systems, but it has been unsuccessful in some 
recirculating systems.  A differential producer such as 
an orifce plate, fow nozzle, or venturi meter should be 
used for units with cooling-water fows no greater than 
15,000 gpm.

The following three methods of cooling-water fow 
measurement are recommended for measuring fow in 
large conduits; the chosen method must be capable of 
providing an uncertainty of no greater than 3%:

(a)  velocity traverse
(b)  tracer-dye dilution
(c)  ultrasonic time-of-travel
Considerations concerning the application of the three 

methods listed above to steam condensers are covered 
in this Section.  The cooling-water fow-rate test should 
be conducted concurrently with the heat-transfer test.

4-5.1  Velocity traverse  methods

Velocity traverse methods are generally most appli-
cable to the measurement of fow in large conduits in 
which the size of the probe will not affect the measured 
fow.  ASME PTC 19.5 [1]  describes the general consid-
erations for acceptable velocity traverse methods.  The 
Fechheimer and Keil pitot-static-type probes as well as 
the time-of-transit ultrasonic meter are explicitly recom-
mended, although other instruments that meet uncer-
tainty requirements may be used.

If the Fechheimer probe is used, the directional-sens-
ing capabilities of the probe should be used to determine 
the local fow angle, and this fow angle should be incor-
porated into the fow determination.  Due to the probe 
geometry, it can be used only for a 10-point traverse [see 
Fig.  4-5.1-1, illustration (a)] , regardless of pipe size.

Before testing, pitot-static probes shall be inspected 
and calibrated by a hydraulic laboratory to an accuracy 
of 1% using standards traceable to the NIST or other 
nationally recognized standards bodies.  Calibrations shall 
cover the range of Reynolds numbers (based on probe 
diameter) expected in the velocity measurements.  A post-
test calibration shall be conducted if inspection reveals 
there was damage to the probe.  A deviation of more than 
1% between the pretest and post-test calibrations shall be 
cause for investigation.  It may require a retest.

Differential-pressure measuring devices shall be cali-
brated before the test to an accuracy of at least 0.25% of 
the maximum differential pressure expected.  Mechanical 
gauges, manometers, and electronic differential pres-
sure transducers are acceptable, provided that the stated 
accuracy requirements are met.

The velocity probe should be inspected for dam-
age periodically during testing.  If any damage to the 
probe is noted, all measurements made since the previ-
ous inspection shall be retaken with another calibrated 
probe.  A velocity probe may experience vibration under 
certain fow conditions, especially with larger-diameter 
or poorly supported test points.  If such vibration is 
detected, the cause of the vibration shall be corrected, if 
possible.  Measurements taken under conditions of sig-
nifcant probe vibration shall not be considered valid.  
Indicators of probe vibration include a sharp change 
(usually a rise)  in the probe differential when the probe 
position is changed slightly, physical vibration of the 
exposed part of the probe, or a relatively sudden onset 
of a high level of periodic pressure pulsations.

At least 10 diameters of straight, unobstructed pip-
ing shall exist upstream and 5 diameters downstream 
of the measuring station.  Traverses shall be taken along 
at least 2 diameters opposed at 90 deg.  The traverse 
locations shall follow the Tchebycheff weighing scheme 
described in ASME PTC 19.5 [1]  with a minimum of 10 
points along each diameter.  An example of acceptable 
traverse points is shown in Fig.  4-5.1-1.  The volume fow 
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rate is determined by integrating velocities measured at 
a number of points in a plane perpendicular to the water 
direction.  For this reason, accurate measurements of the 
internal pipe diameter, pipe shape (out-of-roundness), 
and location of the probe tip are extremely important.  
In addition, response times for specifc tube designs can 
vary signifcantly; therefore, attention should be given to 
ensure that equilibrium has been reached at each meas-
urement point.  The traverse locations shall be based 
on an equal-area weighting method or the Tchebycheff 
weighting scheme described in ASME PTC 19.5 [1] .   
A 10-point diametrical traverse shall be used for pipes 
of 24 in.  internal diameter or less; a 20-point diametrical 
traverse shall be employed for larger diameter pipes.  An 
example of acceptable traverse points for each is shown 
in Fig.  4-5.1-1.

4-5.1.1  Internal Pipe  diameter.  Internal pipe diame-
ters are critical to the application of the traverse method.  
Errors in determination of the internal pipe diameters 
affect both the positions of the traverse locations and 
the area used to determine total water fow.  Errors in 
area directly affect the calculated result of the condenser 
performance.

4-5.1.1.1  measurement  of Internal Pipe  diameter.  
Measurement of the internal pipe diameter can be 
made using a device that can be deployed through the 
valve, as with the pitot tube.  Such a device would be 
deployed from far side to near side as nearly normal 
to the pipe centerline as possible, and the difference in 
insertion measured on the external portion of the device.  
Alternatively, the pitot tube itself can be used to approx-
imate this measurement by insertion to the far side of 
the pipe and, while reading defection on the manom-
eter, retraction until the defection exactly reaches zero.  
The difference in insertion is the pipe internal diameter.  
It is important to note that if the pipe ftting for the tap 
location is welded or otherwise attached such that it is 
not fush with the inside of the piping, an error in inter-
nal pipe diameter can result as the zero defection point 
will not be at the pipe wall.  If the taps are skewed with 
respect to the true pipe diameter, a dimension either 
greater or smaller than the diameter is possible.  Internal 
diameter measurements shall be used for calculation of 
the traverse points, in any event.

4-5.1.1.2 determ ination  of Internal Pipe  diameter 
by calculation.  If for some reason the internal pipe 
diameter can’t be measured directly as described in para.  
4-5.1 .1 .1, nominal values should be used or the internal 
diameter should be determined by calculation.  If the 
wall thickness of the piping is known from pipe draw-
ings, the circumference should be measured and the 
internal diameter calculated by subtracting double the 
wall thickness from the external diameter determined 

from the measured circumference.  The uncertainty of 
this method is very high.  In new and clean installations, 
the calculation method should yield acceptable results, 
but adhering to the prescribed uncertainty requires 
verifcation of piping’s internal cleanliness and physical 
dimensions at the measurement point.

4-5.2 tracer-dye  dilution  methods

Tracer-dye dilution methods are particularly applica-
ble to the measurement of fow in large conduits where 
no other suitable measurement methods are available.  
Although no formal standard on their use currently 
exists, the method is discussed in ASME PTC 19.5 [1] .  If 
this technique is used, the parties to the test shall agree 
upon the details of implementation, provided that the 
guidelines outlined here are followed.  It should be noted 
that because of the constantly rising background con-
centration typical in closed-circuit cooling towers, there 
is no industry consensus that the tracer-dye dilution 
method can be accurately applied in such environments.  
The method is best suited for once-through cooling cir-
cuits where background concentrations remain constant.  
Key requirements are as follows:

(a)  Complete mixing of the tracer must be achieved 
for an accurate fow measurement.  As a general guide-
line, 100 diameters of pipe should extend between the 
injection and sampling points.  However, turbulence 
producers (e.g., pumps, bends)  can reduce the number 
of pipe diameters required for complete mixing.  The 
presence of complete mixing at the sampling cross sec-
tion shall be determined before testing by sampling a 
traverse of nine equally spaced points along 1  diameter 
at the sampling cross section and verifcation that the 
concentrations at all points agree to within 1%.  This 
sampling shall be conducted within 10% of the fow 
at which the condenser tests are to be run.  Injection of 
dye should be through a manifold or at a single point 
in the fow, so long as complete mixing of the dye at the 
sampling point is verifed as described above.

(b)  The background concentration of the measured 
water shall not be altered by the recirculation of the 
injected dye.  Precautions shall be taken if the possibility 
exists that the injected dye may recirculate to the injec-
tion point.  In the case of a time-varying fow, such as 
a tidally infuenced estuary, those conducting the test 
shall demonstrate, by measurement before the start of 
the test, that no dye recirculation exists.  In the case of 
a closed-cycle cooling system, those conducting the test 
shall demonstrate, by measurement before the start of 
the test, that any previously injected dye is thoroughly 
mixed throughout the cooling-water system and that the 
background concentration is accurately calculated.  As a 
rule, about fve cycle-recirculation times are required for 
complete mixing to be achieved (the cycle-recirculation 
time is the total volume of water in the cooling-water 
system divided by the cooling-water fow rate).
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(c)  When the background concentration begins to 
rise above the previously calculated value, the testing 
should be stopped.

(d)  If the test must proceed with a rising background 
concentration, a method to properly correct for the con-
dition shall be determined and agreed upon.

(e)  Both tracer injection and sampling should occur 
on either the inlet-water or the outlet-water side of the 
condenser.  If injection and sampling occur on the same 
side of the condenser, either continuous sampling or 
grab samples should be used.  If injection and sampling 
occur on the opposite sides of the condenser, tempera-
ture effects shall be taken into account.  For Rhodamine 
WT dye, the temperature correction of various samples 
should be made to a common temperature, using the 
following equation [2] :

F Fs
T TW5 2 2



0 027. ( )S  (4-5-1)

where
Fs  5   the fuorescence at standard temperature, 

TS, 8C
F

 5   the measured fuorescence at temperature 

corrected for background and instrument off-
set, TW, 8C

(f)  The dye shall exhibit minimal tendency to absorb 
into organic or inorganic surfaces.  Recent applications 
of this technique have most often used Rhodamine WT 
fuorescing dye as the tracer; however, any dye that can 
be shown to be conservative (not subject to adsorption 
or other loss mechanisms)  shall be acceptable.

(g)  The fow should be free of any chemicals (e.g., 
chlorine)  or silt concentrations that can affect the ability 
to accurately measure the concentration of dye.

(h)  If the mass or volume of the injected dye is not 
directly measured during the test, the injection appara-
tus shall be calibrated for injection fow with water from 
the system to be tested.

(i)  The dye concentration shall be measured using 
a calibrated precision fuorometer.  The fuorometer or 
other concentration-measuring device shall be cali-
brated before and after the test using a minimum of 
three calibration solutions made with the system water 
and having dye-concentration levels above and below 
the level expected of the test.  Instrument accuracy shall 
be no more than 1%.

The uncertainty of the injection rate shall be 0.5% 
or better.

Periodic feld calibration of the tracer injection appa-
ratus and the fuorometer during testing should be con-
ducted to ensure data integrity.  The dye concentration 
shall reach steady state at the sampling point before data 
to be used in the fow determination are taken.  This deter-
mination shall be made by continuously monitoring the 
tracer concentration at the sampling cross section.

General considerations relating to the application of 
Rhodamine WT or similar tracers may be found in Flow 
Measurements in Sanitary Sewers by Dye Dilution  [3] .

(j)  Chemical treatment that is introduced into the 
fow before the sampling point should be shut off before 
the test.  In the case of a closed-cycle system, a prolonged 
period of no treatment should be required to purge the 
cooling system of treatment chemicals.  Chlorine, in par-
ticular, may affect Rhodamine dye.

(k)  Care shall be taken to ensure that no fow is intro-
duced or removed between the injection and sampling 
stations.  It is not suffcient to simply account for these 
fows, since a small infow or outfow can lead to a large 
measurement error.  An exception is that any outfows 
between the section at which complete mixing has been 
verifed and the sampling station will not affect the 
measured fow.

4-5.3 ultrason ic  time-of-travel methods

In all conduits, particularly large ones, fow may be 
measured using the multiple-path, ultrasonic time-of-
travel-type fow-measurement method.  The provisions 
given in ASME PTC 18 [1]  under the heading “Acoustic 
Method” shall govern the application of this method.  
An ultrasonic clamp-on transducer may be used pro-
vided that it complies with all requirements to follow.  
It is emphasized that the time-of-travel method is very 
different than the Doppler technique.  The Doppler-type 
instruments will not provide suffcient accuracy to sat-
isfy the requirements of this Code.

The ultrasonic time-of-travel measurement shall be 
made immediately preceding the test, during the test, 
or immediately following the test.  The internal pipe 
diameter is critical to the application of the ultrasonic 
method.  Errors in determination of the internal pipe 
diameters affect the area used to determine total fow, 
and that directly alters the calculated result for con-
denser performance.  The provisions given in ASME PTC 
19.5 [1]  shall be used as a guide in the application of this 
method.  Because of the constantly improving technol-
ogy in the ultrasonic feld, the fnal application shall be 
based on a combination of the requirements listed in the 
equipment manufacturer ’s recommendations, in ASME 
PTC 19.5, and in the guidelines in ASME PTC 18 [1] .

Experience in cooling-tower testing has shown that 
the ultrasonic instrument and its specifc application to 
a particular test may have a measurement inaccuracy 
exceeding that required by this Code; therefore, care-
ful consideration shall be taken when using the acoustic 
method to ensure the repeatability and accuracy of the 
measurement.  All instruments and sensors used shall be 
NIST traceable.  The meter and transducers shall have 
been calibrated in similar conditions to that of the test 
in question.  The similarity shall include geometry mod-
eled and Reynolds-number range.
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In addition, if the method is proposed, the calibration 
data and previous comparative experience of the partic-
ular meter shall be required to be provided, prior to its 
acceptance and installation for a test, as evidence of its 
measurement accuracy for the specifc test conditions.  
That calibration information and data shall become part 
of the test report.

A minimum of four parallel chordal paths shall be 
measured regardless of the size of the conduit.  As a min-
imum, at least 10 diameters of straight pipe upstream 
and 5 diameters downstream shall be provided without 
any obstructions (e.g., an open butterfy valve)  at either 
end.

The time-of-travel instrumentation shall be calibrated 
at the zero-fow condition before and after the test to 
ensure proper and accurate operation.  Zero-fow cali-
bration shall be conducted in a full-pipe condition only.  
To further verify accuracy during the calibration, the 
acoustic velocity should be measured with the acoustic 
device and compared with the published values for the 
speed of sound in the process fuid.  Any discrepancies 
shall be investigated.

Because this method may be adversely affected by the 
presence of silt and other particulate or air bubbles in 
the fow, it should also be verifed that the source water 
is suitably clean before the metering system is installed.

Since permanent ultrasonic time-of-travel systems 
may be relatively diffcult and expensive to install on 
large-diameter conduits, provision for their installa-
tion should be made during design and construction of 
the cooling system.  At the time of installation, the true 
diameter of the conduit cross-sectional area shall be 
determined.

4-6 noncondenSIBLe  fLoW

Noncondensible fow shall be measured by devices 
located at or near the discharge of the evacuating appa-
ratus by one of the following methods once during the 
test and checked by one of the remaining methods:

(a)  orifce
(b)  rotameter
(c)  mechanical anemometer
(d)  volumetric technique
(e)  fow sensor
(f)  other methods or instruments that can be shown 

to be accurate

4-6.1  Prelim inary check

To ensure the removal equipment itself does not 
leak, the suction valve to the noncondensible-gas 
removal equipment shall be temporarily closed within 
2  hr prior to the test.  A quick measurement of the non-
condensible gas shall then be made and the suction 

valve reopened.  Any noncondensible quantity that 
results from that measurement should be subtracted 
from subsequent noncondensible measurements of 
the test.  Since the condenser steam spaces have large 
volumes, no rapid rise in condenser test pressure or 
other adverse operating condition should be expected 
during the short duration of this preliminary non-
condensible gas measurement.

Table 3-4-1  shall provide one criterion of the maxi-
mum noncondensible allowed by the Code.  The 
condenser air in-leakage should be reduced to be com-
patible with Table 3-4-1  by fnding the sources of some 
of the leakage and making repairs within a week prior 
to the test.

4-6.2 Specifc  Guidance  on  use  of noncondensible  
devices

4-6.2.1  orifce.  The orifce plate shall meet the spec-
ifcations described in ASME PTC 19.5 [1] .  Provided that 
all specifed installation criteria are followed, no calibra-
tion of the orifce meter is required.  Particular attention 
should be paid to ensuring that adequate lengths of 
straight pipe upstream and downstream of the orifce 
are available, that the pressure taps are properly located 
and fnished, and that the tubing to the differential 
pressure gauge is of the proper diameter and is sloped 
continuously downward from the gauge to the orifce, 
to avoid accumulation of water.  Gauge pressure and 
temperature of the discharge shall be measured either 
upstream or downstream of the orifce plate.

The fow shall be determined according to the equa-
tions for gas fow through an orifce as given in ASME 
PTC 19.5 [1] .  Gas properties, such as the expansion fac-
tor, density, and viscosity, shall be determined assum-
ing that the orifce fow consists of saturated air.  For 
convenience, simplifed equations yielding suffcient 
accuracy for purposes of this paragraph are given in 
Nonmandatory Appendix H.

4-6.2.2 rotameter.  The piping and valving of the 
circuit shall be lined up and the lines purged of water.  
The instrument supplier ’s general recommendations for 
measurement shall be followed.

4-6.2.3 mechan ical anemometer.  The instrument 
supplier ’s general recommendations for measurement 
shall be followed.  The discharge vapor component in 
the gas mixture shall be accounted for.

4-6.2.4 Volumetric  techn ique.  Effective use of the 
volumetric technique requires two people.  A light bag 
shall be used for measurement, and the test stopped as 
soon as the bag or device is full.  The discharge vapor 
component in the gas mixture shall be accounted for.  
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Gloves should be used to safely handle the tempera-
tures encountered.

4-6.2.5  flow Sensor.  The instrument supplier ’s 
general recommendations for measurement shall be fol-
lowed.  The discharge vapor component in the gas mix-
ture shall be accounted for.

4-7 HotWeLL LeVeL

The level of water in the hotwell shall be monitored 
during the test and remain within design limits for the 
duration of the test.

4-8 WaterBoX LeVeL

The level of water in the waterbox shall be monitored 
during the test and remain full for the duration of the 
test.

4-9 tuBe cLeanLIneSS

4-9.1  Introduction

The goal of the following procedure is to provide 
assurance that the tubes are physically clean during the 
subsequent performance test.  The effect is that condenser 
performance calculations at the test conditions shall be 
computed with a zero fouling resistance.  The resulting 
test evaluation parameters shall then be adjusted to the 
design values using the apparent condenser percent 
cleanliness that was specifed by the manufacturer, and 
the tube shellside and waterside resistances shown in 
Section 5.

When a 100% clean designation of tube cleanliness is 
in doubt by one party before testing, a tube cleanliness 
evaluation shall be performed.  The cleanliness test is 
necessary to determine the extent of fouling.  The clean-
liness test consists of two parts:  video inspection and 
deposit sampling.  The test sequence fowchart is pre-
sented in Fig.  4-9.1-1.

First, just prior to acceptance testing, 100% of the inter-
nal tube walls of the condenser tubes shall be cleaned 
with the best available technology that is suitable for 
removal of deposits characteristic of the cooling-water 
supply, temperature, and tube material, and that is 
mutually acceptable to the parties to the test.

In the event that a continuous ball cleaning system is 
being utilized, it shall represent the method to satisfy 
the requirement for cleaning 100% of the tubes.  The ball 
cleaning system, however, must have been effectively 
operated and maintained using the balls at the specifed 
frequency, number, and ball-surface condition and must 
remain in this operation from the time of the introduc-
tion of the cooling water to the condenser to the time of 
the condenser-performance test.

4-9.2 Video  Inspection  of condenser-tube  Internal 
diameters

As indicated, when the tube cleanliness is in doubt by 
one party to the test, trained technicians utilizing a video 
scope and computerized recording device shall inspect 
the condenser tubes.  The tubes to be examined shall be 
selected by the condenser manufacturer, his designee, or 
as mutually agreed upon by the parties.  The inspection 
with a boroscopic video shall be of the entire length of at 
least three to fve tubes from four to six sectional areas 
for the particular tube-bundle pattern and air-removal 
zone of each pass, as applicable.  This video examination 
shall be recorded and viewed.

4-9.3 deposit  Sampling

If the presence of fouling is observed during the tube 
video inspection, then deposit sampling is required.  The 
deposits shall be sampled by the use of a mechanical 
cleaner, scraper, or brush, as determined by the parties 
to be suitable for the removal of deposits characteristic 
to those known to occur under similar cooling-water 
system characteristics.  The deposit samples shall be 
taken from the same three to fve tubes in four to six 
sectional areas of the particular tube-bundle pattern and 
the air-removal section of each condenser tube pass, as 
applicable.

Typically, utilizing 300-psi water pressure at 36-gpm 
fow, the proper size and type of tube cleaner is pro-
pelled through the condenser tube.  All water, deposits, 
residue, and the tube cleaner shall be collected in a spec-
imen container for analysis and determination of the 
most effective cleaning method.  The presence of depos-
its warrants cleaning 100% of the condenser tubes.

4-9.4 conducting the  Subsequent  Performance  test

After all of the condenser tubes are cleaned in accord-
ance with para.  4-9.3 and a satisfactory agreement is 
reached among the parties that the tubes are clean, the 
tubes shall be fushed with potable water or similar 
clean water and adequately dried until the introduction 
of the cooling water.  The performance test shall com-
mence within 1  week, or as mutually agreed upon, of 
introducing cooling water into the condenser tubes.

4-10 WaterBoX dIfferentIaL PreSSureS

Differential pressure gauges shall be provided to 
measure the pressure drop between the inlet and outlet 
waterbox nozzles.  There shall be at least one differential 
gauge for each parallel water circuit in the condenser.  
The gauges shall be calibrated before the test to 1% 
of the maximum expected differential.  Mechanical 
gauges or electronic differential pressure gauges are 
acceptable.
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Clean  1 00% of tubes 

(see para.  4-9.1 ).

Perform video 

inspection

 of internal  tube

diameter(s)

(see para.  4-9.2).

Commence

performance

test within

1  week or as

agreed.

Clean, flush,  

and  dry al l  

tubes. 

Yes

No
Deposits 

observed? 

Perform deposit 

sampling

(see para  4-9.3).

fig. 4-9.1-1  tube  cleanliness test-Sequence  flowchart
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4-11  dISSoLVed oXYGen

4-11.1  General

This method describes the measurement of the dis-
solved-oxygen concentration of the condensate.  Prior to 
conducting the measurements described in this subsec-
tion, the conditions for testing in accordance with para.  
3-16.1  of this Code shall be achieved.

4-11.2 Sample  extraction

Accurate measurements of dissolved oxygen from 
a subatmospheric vessel are diffcult.  Sampling of the 
condensate for dissolved oxygen shall be performed by 
extracting condensate from the condensate outlet piping 
as close as possible to the hotwell but prior to addition 
of any oxygen-scavenging chemicals (see Fig.  4-2.1-1).  
Extraction shall be made using a sampling pump.  Care 
shall be taken to avoid any air ingress in the sample line 
from the hotwell outlet piping to the sampling pump.  
Samples shall be measured in each hotwell outlet that 
is in use.

The sample nozzle shall extend into the condensate 
piping 10 cm (4 in.)  or 25% of the pipe diameter, which-
ever is less.  Stainless steel tubing shall be used to con-
nect the sample nozzle to the dissolved-oxygen probe, 
and to connect the probe to the sampling pump.  The 
sampling pump discharge should be routed back to the 
condenser under vacuum to reduce sampling-pump 
head pressure.

 It may be easier to take the sample downstream of 
the condensate pump.  If this sample meets the require-
ments of the test, the results of the downstream sample 
shall be acceptable for the test.

4-11.3 Sample  condition ing

Samples for continuous-fow oxygen analyzers should 
be at fow rates and temperatures recommended by the 
instrument manufacturers.  Flow and temperature shall 
be held constant during the tests.

If sample tubing is used to transport the sample to a 
remote location, the tubing shall be sized to maintain a min-
imum velocity of 1.5 m/s to 2 m/s (5 ft/sec to 6 ft/sec).

Prior to the tests, sample lines and instrumentation 
shall be fushed for a suffcient time to ensure that lines 
are free from air bubbles or pockets.

4-11.4 oxygen  analysis

Portable or in-line oxygen analyzers using membrane-
covered galvanic or polarographic oxygen sensors 
should be used as the method of analysis.  The instru-
ment used shall have a lower detection limit of 1  µgr/l 
(1 .0 ppb).  

The instrument shall be calibrated before and after the 
test.  If calibration is performed using atmospheric oxy-
gen, the analyzer shall be given suffcient time to reach 
equilibrium with the condensate dissolved-oxygen 
concentration.

It is recommended that the instrument analysis be 
verifed by a wet chemistry technique per ASME PTC 
12.3 [1] .

If the oxygen sensor fouls from condensate contami-
nants, the titrimetric method shall become the recom-
mended method of analysis.  The sample shall be extracted 
in the same manner as described in para.  4-11.2.

4-12 condenSate temPerature

Condensate temperature measurements shall be made 
in accordance with the general procedures described in 
para.  4-4.1 .  The thermowells should be located as close 
as practical to the condenser and in an operating con-
densate pump suction line.

4-13 SaLIne or BracKISH  Water 
concentratIon

Salinity measurements shall be made by using 
Method 2520 for “Salinity” from Standard Methods for the 
Examination of Water and Wastewater  [4] .  
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Section  5
computation  of results

5-1  BaSIc Heat-tranSfer reLatIonS

This Section defnes all the computations required to 
obtain results from the various types of condenser tests 
addressed in the Code.  For both single-pass and two-pass 
condensers, these include the heat-transfer coeffcients, 
adjustments to design conditions, fouling resistance, 
subcooling, condensate dissolved oxygen, tubeside pres-
sure drop, noncondensible gas fow, and measurement 
uncertainty.  Though the basic equations are the same, 
multipressure condenser performance assessments dif-
fer slightly, as is described in para.  5-2.8.  Note that when 
the complete equations are given, SI units are assumed.  
Using U.S.  Customary units may change the equation.  
In these cases, the equations for U.S.  Customary units 
immediately follow those for SI units.

Note that there is no requirement to conduct an uncer-
tainty analysis, either pretest or post-test.

5-1.1  condenser Heat  Load

The condenser heat load shall  be  computed accord-
ing to  the following equation:

Q
w c T Tp1

1 1 1 1
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  2( )2 1

C
 (5-1-1)

where
C  5  3.6 for SI units
C  5  1  for U.S.  Customary units

5-1.2 	 overall  Heat-transfer  coeffcient

The overall heat-transfer coeffcient at the test condi-
tions shall be computed as follows:
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The saturated steam temperature, Ts
1, corresponding to 

pressure Ps
1  shall be determined from the ASME Steam 

Tables [5] .  

5-1.3 tube-Wall resistance

The tubeside resistance shall be computed as follows:
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(U.S.  Customary Units)
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  (5-1-5)

5-1.4 tubeside  resistance

The tubeside thermal resistance calculation shall be 
taken from Rabas and Cane [6] :  

  (5-1-6)
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This equation is simplifed for calculation in U.S 
Customary units:
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where

  (5-1-11)

Cooling-water fuid properties shall be evaluated 
at the average bulk water temperature, TB, which is 
defned as

 T T TB
1 1 15 0 5 2 1. +( )  (5-1-12)
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5-1.5 Shellside  resistance

The shellside resistance at the test conditions shall be 
determined by difference as follows:

(SI Units)
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(U.S.  Customary Units)
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5-2 caLcuLatIonS for condenSer PreSSure 
deVIatIon  reSuLtS 

It is unlikely that the conditions during a performance 
test will ever exactly match the design conditions.  As a 
result, comparison of the condenser shell pressure as 
measured by the performance test to the design value is 
not meaningful.  Instead, it is frst necessary to adjust the 
test results from the test conditions to the design-refer-
ence conditions.  The correction procedures that follow 
are based on adjusting the test-calculated heat-transfer 
resistances for differences between the test and design 
conditions.  These values are then used to compute the 
adjusted overall heat-transfer coeffcient and the test-
adjusted condenser steam pressure at the design-refer-
ence conditions.

The design-reference conditions are determined from 
manufacturer ’s data.  Calculated values, not included 
with the data, are computed using the same procedures 
as developed in subsection 5-1, but substituting the 
design values for the test values.

5-2.1  tube-Wall resistance

The tube-wall resistance is a constant that is depend-
ent only on the tube-wall thickness and material.  
Accordingly

R Rm m
* 5 1 (5-2-1)

5-2.2 tubeside  resistance

The tubeside thermal resistance shall be calculated at 
the design conditions as follows:
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This equation is simplifed for calculation in U.S.  
Customary units:
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 (5-2-7)

Cooling-water fuid properties shall be evaluated 
at the average bulk water temperature, TB, which is 
defned as

T T TB
* * *.5  10 5 2 1( )  (5-2-8)

5-2.3 fouling resistance

The manufacturer ’s design data usually express the 
fouling resistance in terms of a cleanliness factor.  If the 
design-reference condenser pressure is based on a clean-
liness factor of 1 .0, the design fouling resistance, R f

* , is 
equal to zero.  For any other value of cleanliness factor, 
the resulting fouling resistance shall be determined as 
follows:
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The saturation steam temperature, Ts
* , corresponding 

to pressure Ps
*  shall be determined from the ASME 

Steam Tables [5] .  

5-2.4 Shellside  resistance

The shellside condensing heat transfer is the most 
complex component in the evaluation of a steam surface 
condenser.  Numerous correlations of the Nusselt equa-
tion have been developed for the flm coeffcient for var-
ious condensing situations.  These correlations are based 
on specifc condensing conditions requiring a detailed 
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knowledge of the shell and tube nest geometries and 
the condensing conditions, and resulting in signifcantly 
different prediction values of the heat-transfer coeff-
cient.  As a result, the test value of the shellside resist-
ance is determined in para.  5-1 .6 based on the difference 
between the test-calculated overall heat-transfer coeff-
cient and sum of the calculated values for the other heat-
transfer resistances.

To adjust the shellside resistance value at the test 
conditions to the design condition, some formulation is 
necessary to correct for the difference in condensate flm 
temperature between design condition and test condi-
tion.  Because this requires an adjustment over a limited 
range of conditions, rather than a prediction of an abso-
lute value of the shellside resistance, very precise pre-
dictions shall not be required.  
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If the steam fow rate, Ws1 ,at the test conditions is not 

available, the expression 
Ws

Ws

+

*
 should be substituted with 

Q

Q

1

* .  The liquid properties shall be evaluated at the bulk 

average temperature of the condensate flm.  This tem-
perature shall be approximated as follows:

T T LMTDf s
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and

T T LMTDf s
1 1 15 − 0 2. (5-2-14)

5-2.5  overall Heat-transfer coeffcient

The overall heat-transfer coeffcient, U, which is 
adjusted to the design-reference conditions, shall be cal-
culated as follows:  determined by difference as follows:
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(U.S.  Customary Units)
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5-2.6 adjusted  test  condenser Steam  Pressure

The test condenser steam pressure, which is adjusted 
to the design-reference conditions, shall be determined 
using the following equation:
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where
C  5  3.6 for SI units
C  5  1   for U.S.  Customary units
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The adjusted steam pressure,Ps
o ,  corresponding to 

the saturation steam temperature, Ts
o,  as calculated 

from eq.  (5-2-18)  shall be determined from ASME 
Steam Tables [5] .  

5-2.7 evaluation  of results acceptance

The difference between the test-adjusted and design-
reference steam pressures shall be evaluated as follows:

D 5 2P P Ps s s
* o  (5-2-19)

If the pressure difference is greater than or equal to 
zero, the condenser performance is satisfactory and con-
sidered acceptable.  If the pressure difference is less than 
zero, the condenser performance is worse than specifed 
and is considered unacceptable.

5-2.8 multipressure  condensers

Multipressure condenser performance shall be 
assessed separately for each pressure compartment.  
There are two types of multipressure condensers:  the 
multiple-shell multipressure condenser (Fig.  5-2.8-1)  and 
the single-shell multipressure condenser (Fig.  5-2.8-2).

5-2.8.1  condenser Heat  Load.  The turbine-exhaust 
steam fows shall be assumed to be equally divided 
between each of the multipressure compartments.  If 
other major steam loads are present in a particular com-
partment, such as from a boiler feed pump turbine, then 
that estimated value shall be added to the compartment 
heat load.

For multipressure condensers, the cooling-water 
temperature between compartments cannot be meas-
ured due to temperature stratifcation or inaccessibil-
ity.  The temperature can be estimated by assuming that 
the temperature rise is proportional to the heat load in 
each compartment.  The calculation procedure shall be 
as follows:

D 5 D 1 D 1 Dt T T Tx y z( )measured (5-2-20)
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NOTE:  A three-compartment condenser is used for illustration in 

Figs.  5-2.8-1  and 5-2.8-2, but the procedure also applies to two-

compartment multipressure condensers.

5-2.8.2 overall Heat-transfer coeffcient.  The over-
all heat-transfer coeffcient at the test condition for each 
compartment shall be calculated using the method out-
lined in para.  5-1 .2.

5-2.8.3 tube-wall resistance.  The tube-wall resist-
ance shall be calculated using the method in para.  5-1 .3.

5-2.8.4 tubeside  resistance.  The tubeside resist-
ance shall be calculated using the method in para.  5-1 .4.

5-2.8.5  Shellside  resistance.  The shellside resist-
ance for each compartment shall be calculated using the 
method in para.  5-1 .6.

5-2.8.6 condenser Pressure  deviation  results 
calculation .  The condenser pressure deviation results 
calculation for each compartment shall be the same as 
that for the single-pressure condenser, as outlined in 
subsection 5-2.  The cooling-water temperature between 
compartments shall be estimated using the method out-
lined in para.  5-2.8.1 .

5-3 caLcuLatIonS of reSuLtS deVIatIonS for 
otHer ParameterS

5-3.1  acceptance  criterion  for tubeside  Pressure-
drop deviation  calculations

The test-measured tubeside pressure drop shall be 
adjusted for differences between the test and design-
reference water fow rates as follows:
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 (5-3-1)

If the calculated tubeside pressure drop is less than or 
equal to the design value, this aspect of the condenser 
performance is satisfactory and is considered accept-
able.  If it is greater than the design value, this aspect of 
the condenser performance is worse than specifed and 
is unacceptable.

5-3.2 calculation  of condensate  Subcooling results

 
D 5 21 1 1T T Ts s 3  (5-3-2)

If the calculated condensate subcooling at test condi-
tions is less than or equal to design value, this aspect of 
the condenser performance is satisfactory and consid-
ered acceptable.  If it is greater than the design value, the 
condenser performance is worse than specifed and is 
considered unacceptable.

5-3.3 acceptance  criterion  for dissolved-oxygen  
calculations 

The dissolved oxygen test result shall be determined 
by averaging the measured dissolved-oxygen results at 
the specifed time intervals for each condenser outlet 
pipe.  If the averaged result is greater than the dissolved-
oxygen design value for any condensate outlet, the 
condenser performance is worse than specifed and is 
considered unacceptable.
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fig. 5-2.8-1  multiple-Shell multipressure  condenser

fig. 5-2.8-2 Single-Shell multipressure  condenser
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Section  6
report  of results

6-1  comPoSItIon  of rePort

The report of the results of the test shall include as a 
minimum the following:

(a)  a brief summary of the objective, results, and 
conclusions

(b)  a list of the representative parties to the test
(c)  a description of the condenser tested
(d)  a description of the thermal design conditions of 

the condenser
(e)  the method of the test (including a sketch of the 

cooling tower and test instrument locations)  including, 
but not limited to, the following:

(1 )  overall dimensions of the installation
(2)  piping and riser layout
(3)  water fow rate and temperature-measure-

ment locations
(4)  types of instruments used
(5)  description of any methods of measurement 

not prescribed by the Code
(f)  a summary of measurements and observations
(g)  the methods of calculation from obtained data
(h)  the specifed or agreed-upon allowances for pos-

sible error, including method of application
(i)  test results reported as follows:

(1 )  results, presented in tabular and graphical 
form, computed on the basis of the operating conditions 

during test; only correction applied shall be for instru-
ment calibrations

(2)  results, presented in tabular and graphical 
form, corrected to specifed conditions if the operating 
conditions during the test deviated from those specifed

(j)  discussion of the test, its results, and conclusions
(k)  supporting documentation or information 

required to make the report complete, such as
(1 )  appendices and illustrations to clarify descrip-

tion of the equipment, methods, and circumstances of 
the test

(2)  descriptions of methods of calibration of the 
test instruments, as well as calibration certifcates

(3)  sample test-result calculations
(4)  data sheets and applicable performance 

curves
(5)  raw data as recorded during the test
(6)  calibration checks performed on-site

6-2 rePort data

Copies of the fnal test report shall be distributed to 
the test parties.  Tests performed by independent agen-
cies shall not be distributed beyond the offcial parties 
to the test.  
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nonmandatorY aPPendIX a
aLternatIVe teSt

a-1  IntroductIon  

This Appendix describes the alternative test.  The 
alternative test is more accurate because it includes an 
evaluation of the existing fouling level of the condenser; 
however, it is signifcantly more elaborate, time consum-
ing, and costly.

Most aspects of the test apply to the alternative test and 
so are not repeated in this Appendix; only sections that 
are uniquely particular to the alternative test are speci-
fed.  The areas to be addressed in this Appendix are

(a)  the pairs of tubes that are selected for the fouling 
evaluation

(b)  the additional instrumentation required by the 
fouling test

(c)  the fouling measurements and fouling data reduc-
tion using a relative heat transfer for each pair and the 
use of the results in the overall condenser performance 
guarantee calculations

Agreement shall be reached on the method and data 
for initial pretest uncertainty analysis and post-test 
uncertainty analysis calculation.

Excessive air in-leakage often degrades the con-
denser performance and increases the concentration of 
dissolved oxygen in the condensate.  The air removal 
rate must be within the limits of Table A-1-1  because it 
directly impacts the condenser heat-transfer capability.  
To ensure that the performance of the condenser has 
not been impaired prior to the test, the noncondensible 
gas load shall be measured to confrm adherence to the 
guideline in Table A-1-1.  Techniques for measuring non-
condensible gas load are given in ASME PTC 19.5 [1] .  
Proper functioning of all air-removal equipment should 
be verifed prior to the test.  

More specifcally, the alternative test requires a 
determination of the condenser tube-bundle fouling.  
The measurement is necessary to adjust the condens-
er’s overall heat-transfer coeffcient as determined by 
the test results to design or guarantee conditions.  The 
fouling test consists of a measurement of the outlet 
temperatures of sets of two adjacent tubes.  One of the 
tubes of each set remains in the as-found fouled con-
dition, while the neighboring tube is either cleaned or 
replaced with a new tube.  As required, the condenser 

undergoes a general cleaning immediately prior to the 
test.  Otherwise, the tube pair experiences identical heat-
transfer conditions, that is, steam pressures, cooling-
water fow rates, and velocities.  The outlet temperature 
measurements provide a comparison of the heat-trans-
fer rates of the tube pairs, and, consequently, the fouling 
resistance of the bundle.

a-2 meaSurement LocatIonS

The number of pairs of tubes selected for the fouling 
test shall be 1  per 2,000 tubes per tube bundle, but not 
fewer than 4 pairs or more than 16 pairs per bundle.  
The pairs shall be located at the approximate centroids 
of equal tube sectors within the tube-bundle pattern.  
However, pairs should not be placed within three tube 
rows of the bundle periphery due to the atypical condi-
tions there.  The number of pairs per number of tubes 
shall be the same regardless of whether the condenser 
is a single-pass, two-pass, or multipressure type.  When 
testing multipass surface condensers, the water temper-
atures at the return waterbox are required for compari-
son with water temperatures of the adjacent tubes.  For 
the pairs of tubes located at the water return pass, the 
fouling resistances should also be calculated and consid-
ered as additional data when averaging R f

1  according to 
the eq.  (A-7-1).  For these pairs, R fi

1  should be calculated 
taking into account that, in these cases, T1  is measured at 
the return waterbox and T2  at the outlet waterbox.

See the discussion of multipressure condensers in  
subsection A-9 for recommendations on the measure-
ment of fouling for that particular design.

a-3 teSt condItIonS and meaSurementS

The test shall be conducted immediately before, during, 
or after the condenser heat-transfer test, as is convenient.  
In addition to the outlet temperature, the cooling-water 
fow, inlet temperatures, and condenser pressures shall 
be measured.  The measurement, calibration, test condi-
tions, and limitations of these parameters shall comply 
in all respects to all the related requirements listed in this 
Appendix and Table 3-4-2.  A minimum of four sets of 
readings spanning 30 min shall constitute a test.
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table  a-1-1  noncondensible  Gas Load  (air In-Leakage  Lim its)

SI  Units

Number of

Shells

Total Exhaust Steam Flow,

kg/hr

Noncondensible Gas Load Limit,

slpm

1 Up to  45  351 .5 28

1 45  351 .5–113  378.7 57

1 113 378.7–226 757.4 71

1 226 757.4–453  514.7 85

1 453  514.7–907 029.5 106

1 907 029.5–1  360 544.2 127

1 1  360 544.2–1  814 059 142

2 90 703–226 757.4 99

2 226 757.4–453  514.7 113

2 453  514.7–907 029.5 106

2 907 029.5–1  814 059 127

2 1  814 059–2  721  088.4 149

2 2  721  088.4–3  628 117.9 170

3 340 136.1–1  360 544.2 127

3 1  360 544.2–3 628 117.9 170

3 3  628 117.9–4 081  632.7 198

3 4 081  632.7–5  442  176.9 226

U.S.  Customary Units

Number of 

Shells

Total Exhaust Steam Flow,

lb/hr

Noncondensible Gas Load Limit,

scfm

1 Up to  100,000 1 .0

1 100,000–250,000 2.0

1 250,000–500,000 2.5

1 500,000–1,000,000 3.0

1 1 ,000,000–2,000,000   3.75

1 2,000,000–3,000,000 4.5

1 3,000,000–4,000,000 5.0

2 200,000–500,000 3.5

2 500,000–1,000,000 4.0

2 1 ,000,000–2,000,000   3.75

2 2,000,000–4,000,000   4.50

2 4,000,000–6,000,000   5 .25

2 6,000,000–8,000,000   6.00

3 750,000–3,000,000   4.50

3 3,000,000–6,000,000   6.00

3 6,000,000–9,000,000   7.00

3 9,000,000–2,000,000   8.00
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a-4 outLet temPerature InStaLLatIon

a-4.1  outlet  temperature  Where  Stratifcation  I s a  
concern

If possible, measurement of the discharge temperature 
should be made far downstream from the condenser 
where the discharge is well mixed and the temperature 
is uniform.  This location shall be considered acceptable 
if the cooling-water discharge from the unit under test 
does not mix with any other signifcant fows, and if it 
can be shown that the heat loss from the discharge pipe 
to the environment is less than 0.2% of the condenser 
duty, and if it can be determined that no stratifcation 
exists.  The latter requirement should be met by making 
at least fve temperature measurements along a single 
vertical traverse, and verifying that there are no temper-
ature differences greater than 0.118C (0.28F) or 1% of the 
average temperature rise across the condenser, which-
ever is greater.  The temperature measurement for test-
ing should be made by either inserting a probe directly 
into the fow, or using a thermowell as described in para.  
4-4.1 .

a-4.2 outlet  temperature  for fouling test

For the fouling test,  a temperature sensor shall be 
installed at the outlets of each of the tubes in a man-
ner that ensures tube blockage is minimized and an 
accurate discharge temperature is measured.  The 
installation shall be suffciently rugged and suitably 
waterproofed to withstand the hydraulic forces and 
temperatures of the discharged cooling water.  The 
temperature-sensor lead wire from the sampled tubes 
shall be routed and secured between the tube holes on 
the outlet tube sheet.  They shall be bundled and fed 
out through a new or existing waterbox penetration to 
the readout.

In the case of two-pass or multipressure condensers in 
separate shells, tube pairs located in the bundle subse-
quent to the frst shall have an inlet temperature meas-
urement similar to that described for the outlet sensor.

Since the variety of installation situations will be 
numerous, only general guidance on affxing the sensor 
to the tube sheet can be provided, as follows:
(a)  If an outlet tube stub exists, plastic collars should 

be utilized as shown in Nonmandatory Appendix F.
(b)  Direct attachment to the tube sheet shall be per-

missible as long as the sensor extends into the fow.
(c)  Attachment of a suitable minimal blockage fxture 

into the tube interior that holds the sensor shall also be 
permitted if it can be demonstrated that the total added 
blockage is less than 5% of the internal tube fow area.

a-5 tuBe temPerature rISeS

Tube temperature rises for the fouling tests shall be 
measured in general accordance with the procedures 
described in this Section.  RTDs or thermocouples may be 

used, provided that the uncertainty of the temperature 
measurement system is at most 0.1 .  If thermocouples 
are used, a direct differential temperature measurement 
setup should be used.  If RTDs are used, the pairs of 
RTDs that will be used on the monitored tubes should 
be calibrated together to minimize the effect of any bias 
errors in the calibration on the determination of the tem-
perature difference between the paired RTDs.  Provision 
shall be made for calibration of the temperature meas-
urement devices before and after the fouling test, over 
the expected range of temperature differences and 
within 2.88C (58F) of the expected inlet-water tempera-
ture.  Following the fouling test, all instrumented tubes 
shall be inspected to ensure that they are clear and have 
not been infuenced by blockage or any other factor 
(other than tube fouling)  that may affect the results.

a-6 condenSer Heat-tranSfer reSIStanceS

Except for the measured fouling resistance and 
numerical determination of the shellside resistance, all 
other resistances shall be measured as described in the 
Test Code.

a-7 fouLInG reSIStance

The fouling resistance shall be determined from com-
parison of adjacent tubes.  For j  pairs of tubes, the fouling 
resistance, Rf, is determined by
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(A-7-1)

where the fouling resistance for each tube pair is deter-
mined from

 

(A-7-2)

where
C  5  3.6  for SI units
C  5  1   for U.S.  Customary units

a-8 SHeLLSIde reSIStance

The shellside resistance at the test conditions shall be 
determined by difference as follows:
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a-9 muLtIPreSSure condenSerS

a-9.1  fouling resistance

The fouling resistance for multipressure condensers 
shall be determined from comparison of adjacent tubes, 
in the same manner as for a single-pressure condenser.  
For j  pairs of tubes, the fouling resistance, Rf, for each 
pressure compartment shall be determined by

R
j

Rf x f x i, , ,5
1
∑

R
j

Rf y f y i, , ,5
1
∑

R
j

Rf z f z i, , ,5
1
∑

In a multiple-shell multipressure condenser, the cool-
ing-water outlet temperatures from each compartment 
shall be measured and the results used in the calculation 
of the fouling resistance.  For single-shell multipressure 
condensers, the cooling-water temperature between 
compartments cannot be measured.  These temperatures 
shall instead be estimated using the same procedure as 
outlined in para.  5-2.8.
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subscript 4 5  the outlet of the high-pressure com-
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where
C  5  3.6  for SI units
C  5  1   for U.S.  Customary units

a-9.2 Shellside  resistance

The shellside resistance for each multipressure com-
partment shall be calculated in the manner described in 
subsection A-8.

a-10 uncertaIntY anaLYSIS

To determine if a test conducted in accordance with 
these procedures meets the uncertainty criteria specifed 
in subsection 1-3, an estimate of the standard uncertainty 
in the test results attributable to measurement uncertain-
ties shall be performed as part of the test calculations.

The following nomenclature applies to this subsection:  

bj  5   the systematic error for parameter j

F  5    recurring subject partial derivative within 
sensitivity-factor equations

Sj  5   the precision index for parameter j

tv  5    the Student’s t-statistic, determined from 
tabular data for the degrees of freedom, v, 
and a 95% coverage, per Fig.  A-10-1

UnPs  5    the overall uncertainty in the test-adjusted 
steam pressure at a 95% coverage

Un
DPw  5    the overall uncertainty in the test-adjusted 

tubeside pressure drop at a 95% coverage

vj  5    the degrees of freedom for parameter j, used 
in evaluating the precision error estimate

j  5   the sensitivity factor for parameter j
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The following recommended instrument specifcation 
provides the lowest level of uncertainty for condenser 
pressure measurement:

Instrument Electronic absolute-pressure transducer

Type Isolated  sensor

Range 0 kPa to  120 kPa (0 in .  HgA to  35.4 in .  HgA)

Accuracy 0.02  full scale

Uncertainty 0.07 kPa (0.02  in .  HgA)  max.

Other instrument uncertainties should be as follows:

In let-water temperature 0.1 8F

Outlet-water temperature 0.28F

Cooling-water fow (% of reading) 2.0%

Tube-bundle pressure loss (% of reading) 2%

Air in-leakage 2.0 scfm

The actual test uncertainty for the alternative test shall 
be determined by a specifc post-test uncertainty analy-
sis described in this Appendix.

a-10.1   Standard  uncertainty in  test-adjusted  Steam  
Pressure

An estimate of the standard uncertainty in the test 
steam pressure, adjusted to the design-reference condi-
tions, shall be calculated as follows:

Un b s
Ps Ps Pso o o

2 25 1

where

and

The methodology and procedures for estimating 
the systematic and random standard uncertainties for 
each of the independent measurement parameters are 
provided in ASME PTC 19.1  [1]  and are therefore not 
repeated here.  Also note that when measurements share 
elemental error sources, correlation exists and shall be 
accounted for.  This correlation should be resolved in 
accordance with the procedures outlined in ASME PTC 
19.1  [1] ; however, these procedures are beyond the scope 
of the current Code.

a-10.2 Sensitivity coeffcients

The sensitivity coeffcients, , used in the formula-
tions in para.  A-10.1  should be calculated analytically 
using partial differentiation or numerically using one of 
many techniques.  The sensitivity coeffcients are shown 
below for purposes of illustration and would be calcu-
lated analytically making use of the chain rule.  Because 
of the complexity of the relationships, however, the 
central difference method should instead be employed 
with separate perturbations of the individual instru-
ment uncertainties.  That is, using the condenser data-
reduction equations and procedures given previously 
in this Section, compute the average test result from the 
average test data.  Then, using the same equations, sys-
tematically compute the change in the fnal test result 
caused by a small change in each of the input test vari-
ables.  This overall resulting uncertainty shall be applied 
to the design-reference steam pressure, subcooling, dis-
solved oxygen, and tubeside pressure drop.  Note that 
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the uncertainties associated with property variations are 
neglected due to the small magnitudes of these uncer-
tainties in comparison to the total standard uncertainty.  
Accordingly, sensitivity coeffcients for the fuid proper-
ties were not calculated.

(a)  Sensitivity coeffcient for steam fow rate

(b)  Sensitivity coeffcient for cooling-water fow rate

(c)  Sensitivity coeffcient for steam pressure
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(d) Sensitivity coeffcient for inlet-water temperature
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(e)  Sensitivity coeffcient for outlet-water temperature

(f)  Sensitivity coeffcient for inlet-water temperature 
of the fouled tube
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(g)  Sensitivity coeffcient for outlet-water tempera-
ture of the fouled tube

(h)  Sensitivity coeffcient for inlet-water temperature 
of the clean tube
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(i)  Sensitivity coeffcient for outlet-water tempera-
ture of the clean tube 


T

s

c
c

P

2
2

,

o

1 5 1

∂

∂T ,

a-10.3 Standard  uncertainty in  tubeside  Pressure  drop

The standard uncertainty in the tubeside pressure 
drop adjusted to the design-reference conditions shall 
be calculated as follows:

Un b S
P P Pt tD D D
5 1o o o

2 2

t

where

b b b
P P P w wt t tD D D
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2 2 2 2 2 

and

The sensitivity coeffcients are calculated as follows:
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a-10.4  Standard  uncertainty in  the  condensate  
Subcooling

The standard uncertainty in the condensate subcool-
ing shall be calculated as follows:

Un b S
T T Ts s sD D D1 1 15 12 2

where

b b b
T T T T Ts s s c cD D1 1 1 1 15 12 2 2 2 2 

and

S S S
T T T T Ts s s c cD 1 1 1 1 15 12 2 2 2 2 

The sensitivity coeffcients for the steam temperature 
and condensate temperature at test conditions are equal 
to 1  and –1, respectively.

a-10.5  Standard  uncertainty in  dissolved  oxygen  in  
condensate

The standard uncertainty in the dissolved oxygen in 
the condensate shall be calculated as follows:

Un b S
DO DO DOZ Z Z

1 1 15 12 2

In general, a data acquisition system should be uti-
lized for data-logging purposes.  Using this type of sys-
tem allows the logging of a large number of data points 
over a period of time prescribed by the experimentalist.  
However, under the circumstances where the logging 
of many data points is not possible, the Student’s t  fac-
tor may be useful (N <  10).  A table of Student’s t  factors 
can be found in many statistical handbooks where the 
number of degrees of freedom is taken as one less than 
the number of measurements (N – 1 ).  Fig.  A-10-1  shows 
the percent coverage as the number of measurement 
increases.  The Student’s t  factor can be approximated as 
2 when the number of measurements is greater than 10.
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nonmandatorY aPPendIX B
fLoWcHartS and cHecKLIStS

To guide users  of the Code in the instrumentation 
selection and preparation process,  the flowcharts  in 
Figs.  B-1 ,  B-2,  and B-3  and checklists  in Forms B-1  
and B-2  have been created.  These will  help  the user 
properly plan all  necessary stages of the test.  They 
should be generalized to  fit individual needs.  These 
aids  should not be substituted for a  site-specific 
test plan,  instrumentation list,  required calibration 

methods,  or  any other mutually agreed-upon testing 
procedure.

Under no circumstances should these aids limit or 
confne the user.  If a more comprehensive testing plan is 
necessary, it is up to the testing parties to produce a doc-
ument that is mutually inclusive in all areas of impor-
tance.  This Appendix can serve as a starting point for 
such an undertaking (see Forms B-1  and B-2).
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fig. B-1  test  Plan  flowchart
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fig. B-2 Selection  of measurement  devices for cooling-Water flow
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orifice or nozzle;

*overal l  accuracy*

±2% (of flow).

The appropriate

choice for this

appl ication  is the

permanent or portable

ultrasonic *flow meter*;

overal l  accuracy

±5% (of flow).  

The appropriate

choice for this

appl ication  is the

dye di lution  flow

determination;

overal l  accuracy

±3% (of flow).

The appropriate

choice for this

appl ication  is a

pitot tube traverse;

overal l  accuracy

±5% (of flow).

Can  be

converted

into a  process

instrument?

Can  be

converted

into a  process

instrument?
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fig. B-3 Selection  of Pressure-measurement  devices

Condenser

pressure

instrumentation
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and  remote

indicators or

loggers

Is

remote data

acquisition
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process
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external  power

needed

Are
experienced
technicians
available for
instal lation?

No extensive
experience is
needed for
instal lation.

Data  col lection
during  test can
only be done on
a  manual  basis.

Durable 
under most

environmental
test conditions

Self-contained
power source
not necessary

The appropriate
choice for this
appl ication  is

transducer/transmitter;
overal l  accuracy
±0.1% (range).

The appropriate
choice for th is
appl ication  is
capi l lary flu id
vacuum gauges;
overal l  accuracy
±0.25% (range).

The appropriate
choice for th is
appl ication  is

mechanical  gauges;
overal l  accuracy
±0.1% (range).

Is cost a
governing
factor?

Is

remote 

indication

necessary?

Local

indication

only?

Can be

converted into

a local  process

instrument?

Can be

converted into

a local  process

instrument?

Local  indication

common, h igh-speed

data col lection

difficult or not

appl icable

Self-contained

(needs no power

source)

Recommended

accuracy?

No

No

No

No

NoNo

No

No

No No

YesYes

Yes

Yes

Yes Yes

Yes

Yes

Yes

Higher than

recommended

accuracy?



ASME PTC 12.2-2010

39

form  B-1  test  Lab Instrumentation  checklist

Parameter

Tested

Instrument

Used

Expected

Accuracy

Cal ibration

Range
Location Value
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form  B-2 test  Plan  checklist

Test Method

The Test Alternative Test Activity

X X Determine the overal l  scope of the test.  Evaluate the specific parameters 

   that need  to be tested.

X X Select the most cost-effective instruments and/or methods to measure al l  of 

   the necessary parameters.

X Perform a  pretest uncertainty analysis regarding the parameters to be 

   measured.

X Instal l  instruments in  a  sensible order.  Begin  with  the pressure 

   instruments.  Cal ibrate the pressure instruments at their respective 

   locations to compensate for environmental  changes.

X Identify the pressure instruments to be used.  Confirm that they are 

   within  cal ibration.

X Instal l  a l l  temperature instruments in  a  logical  order.  Run  extension  wire 

   or cable back to data-logging  device (where appropriate).

X Identify the temperature instruments to be used.  Confirm that they are 

   within  cal ibration.

X X Check logging device for operation, including a  continuity check on  al l  

   the test parameters.

X X Inspect the instal lation.  Ensure that there are no open  circuits or faul ty 

   ground loops.

X X When al l  channels of the data  logger ( i f used)  are properly working,

   begin  pressure cal ibration.

X X Check al l  local  instruments for proper operation  (thermocouple 

   gauges, transducers,  etc. ) .  Cal ibrate where appropriate.

X X Verify that al l  cal ibrations are clearly recorded and  traceable to an  

   accepted  standard.

X X Check for measurement feasibi l i ty by logging  al l  pressures, flows, and  

   temperatures at the operational  conditions.

X X Where the plant information  (PI)  system is used, prepare a  report that 

   contains al l  the relevant pressures,  flows, and  temperatures, and  save or 

   print a  few minutes’  data.

X X Correct any problems with  instruments, loggers,  PI  interface, and  

   associated  hardware.

X X Prepare a  test schedule with  al l  test and  operating parties.  Include start

   and  stop times, unit load  or steam, flow, operating  requirements, and  

   any other pertinent information  regarding  the operation  of the condenser.  

   Incorporate these into a  logical  and achievable test schedule.  

X X Conduct a  prel iminary test as close to the agreed-upon  operational  

   requirements as possible (1  hr max.).  Check al l  average values.
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X X If al l  equipment functions correctly, prepare for the performance test.  

   Coordinate al l  efforts through  the Operators and  the designated  parties.

X X If a  separate test of cool ing-water flow is to be conducted  

   simultaneously, coordinate with  al l  testing  parties.

X X Consider any special  cycle isolation  necessary to conduct concurrent 

   tests.

X X Verify that cycle isolation  is complete as required  in  the test plan.

X X Fol low the test schedule and  begin  testing.

X X Make any schedule changes necessary to meet the scope and  objectives 

   of the test.  Keep a  test log  to document an y deviations from the test plan  

   or the original  testing  schedule.

X X Review the data  logs and  reports to ensure that al l  instruments 

   functioned properly throughout the test.  Direct additional  test runs if 

   necessary.

X X Inform the Operators when  the performance test is complete; they can  

   return  the cycle isolation  to i ts normal  operating  mode.

X X Perform the necessary calculations and  prepare a  summary of the results

   for the designated  parties.

X X Make copies of the data  logs and reports for the designated parties.

X X Direct the technicians to remove al l  temporary test instrumentation, 

   extension  wire,  and  cable.

Test Method

The Test Alternative Test Activity

Form B-2 Test Plan Checklist (Cont’d)
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c-1  functIonS of tHe data acQuISItIon  
SYStem

This Appendix is presented as a guide for the imple-
mentation of an automatic data acquisition system 
(DAS).  The DAS can

(a)  enhance data.  collection and analysis 
(b)  allow for simultaneous reading and recording of 

all data points
(c)  provide data collection frequency exceeding that 

described in Section 3
(d)  provide data collection time measurements and 

synchronization as described in Section 3
(e)  provide data accuracy exceeding that described in 

subsection 4-3

c-2 addItIonaL functIonS of tHe daS

A portable, computer-based DAS together with state-of-
the-art sensor technology and analog-to-digital converter 
reliability can accomplish the objectives in subsection C-1.  
This type of DAS can also provide the following:

(a)  portability and ease of confguration
(b) fexible network that can analyze sensor and 

acquisition faults
(c)  fags and alarms for out-of-range values
(d) graphics for data trending and results presentation
(e)  mass data storage and ease of data retrieval
(f)  ease of calculation development and data export 

for third-party thermodynamic model analysis

c-3 adVantaGeS of tHe daS oVer manuaL 
data coLLectIon

The DAS can provide certain enhancements that man-
ual data collection cannot offer, such as

(a)  real-time data at very high sampling frequency
(b)  reduction in manual data collection personnel
(c)  reduction in data-recording errors
(d)  quick test-condition and results  validation 

that leads to  prevention of retest and associated 
costs  (ASME PTC 1 9. 22  [1 ]  addresses  this  subj ect in 
detail)

nonmandatorY aPPendIX c
automatIc data acQuISItIon
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d-1  IntroductIon

While this Code is written for the purpose of acceptance 
testing, this Nonmandatory Appendix addresses tech-
niques that permit trending and condenser-performance 
evaluations during operation.  Satisfactory performance 
monitoring can be achieved without the stringent instru-
ment accuracy required for acceptance testing.  That lack 
of a required absolute numerical level of test results is 
what distinguishes the focus, setup, and data-collection 
needs of a monitoring test plan from those of an accept-
ance test plan.  Relative measurements and repeatability 
are critical.  If the data prove to be repeatable during the 
same operating conditions, correction factors to abso-
lute performance levels can always be developed from 
an analysis of those data sets.

This Appendix describes the considerations of con-
denser performance-monitoring tests.

d-2 Structure of Performance-monItorInG 
teStS 

Performance monitoring can range from periodic test-
ing to real-time, online testing.  Implementation of a per-
formance-monitoring program will vary signifcantly 
between plants and will be based on local needs, eco-
nomics, and resources, including condenser perform-
ance, instrumentation methods, and methods of data 
collection and interpretation.

A decision that signifcantly characterizes a con-
denser performance-monitoring program is whether 
to monitor periodically, continuously, or both.  The 
major benefts of continuously monitoring condenser 
performance are the ability to ascertain when changes 
occur and what the related circumstances are, thus ena-
bling the earliest operational or maintenance response; 
the ability to anticipate whether there will be more 
severe changes from the initial indications; and the 
continuous assessment of how the condenser infu-
ences power generation and costs.  Nonetheless, a com-
promise may be considered that balances the one-time 
high capital costs and the ongoing maintenance cost of 
the continuous system’s permanent instrumentation 
against the repetitive setup costs and data collection 
of the periodic test.  Note also that more complex and 
reliable levels of performance monitoring will require 
increased quantities of instrumentation.

d-3 ParameterS to monItor

The following parameters are recommended for mon-
itoring and are listed in a general order of importance, 
though the actual list is always dictated by the overall 
program’s objectives:

(a)  condenser terminal temperature difference
(b)  condenser back-pressure deviation from design
(c)  cooling-water fow or relative fow
(d)  temperature rise of cooling water
(e)  tube-bundle hydraulic pressure drop relative to 

discharge waterbox-to-piping pressure loss
(f)  air in-leakage
(g)  condensate subcooling

d-4 monItorInG meaSurementS

The main body of this Code describes requirements 
for acceptance test measurements.  These can be slightly 
relaxed and adapted for performance monitoring as 
long as the sensor in question is still suffciently precise 
to reliably refect the same relative test value as condi-
tions change.  See Table D-4-1.

Several notes are relevant to Table D-4-1.  Most installed 
plant fow devices are not suffciently accurate to serve 
as a primary fow-measurement device.  This includes 
cooling-water fow devices, feedwater fow devices, 
and plant-stream venturis.  A calibration of plant devices 
during an accurate test is necessary to monitor the fow 
properly.  For example, prior to beginning performance 
monitoring, the pump TDH, outlet-waterbox pressure 
drop, or a pitot-static-type center reading should be cor-
related during a dye-dilution test.  With regard to pres-
sure and temperature instruments, refer to Section 4 in 
this Code.  Some new instrumentation is likely required 
for a successful program.  In addition, an automated 
quick purge of the pressure measurement lines before 
reading and some added temperature hardware at the 
outlet to refect the temperature profle more adequately 
than a few shallow existing thermowells will signif-
cantly enhance the monitoring results.

d-5 caLcuLatIonS

Refer to Section 5 for details on the computation of 
parameters for trending.  All variables should be plot-
ted with respect to time, inlet-water temperature, and 

nonmandatorY aPPendIX d
Performance monItorInG
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generation.  Data should be normalized with respect to 
design heat-transfer coeffcient, fouling, cooling-water 
fow, or air in-leakage.  The ratio of the bundle versus 
the outlet-waterbox pressure drop should be plotted to 
aid in diagnosis of fouling increases.  Signifcant con-
ditions such as tube cleaning should be benchmarked.  
Commercially available online performance software 
may be considered to reduce calculation effort.

Data validity can be ensured by examining the sta-
tistical data variation and the degree of the compliance 
with respect to inlet temperature, station generation, or 
cooling-water fow.  The data should be precise, consist-
ent, and dependable.  Suitable approximations can be 
made depending on the experience of the personnel and 
program goals.

table  d-4-1  Performance  mon itoring of Parameters

Measurement Performance-Monitoring Methods

Cooling-water fow Pump curves/TDH  correlations,  heat balance,  calibrated  fow instrument,  outlet-waterbox differential 

pressure

Outlet cooling-water temperature Use available instrumentation,  and  could  be correlated  with  one-time test traverse or partial tempera-

ture  rake

Tube cleanliness Differential waterbox and  outlet-waterbox pressures,  expected  back pressure,  outlet temperature 

profle,  terminal temperature difference

Condenser pressure Existing locations near bundle;  calibration  of sensors required

Steam or condensate temperature Existing locations;  calibration  check required

Air in-leakage Same as Code or continuous meter type

GENERAL NOTE:  To follow the example,  all parameters that are in  U .S.  Customary units must be converted  to  SI  units.
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nonmandatorY aPPendIX e
eXamPLe caLcuLatIonS

This example illustrates a thermal performance test 
of a steam surface condenser.  It is based on a test of a 
single-pass condenser that provides heat rejection and 
condensation of the turbine exhaust steam from an 
electric-power-generating unit.  Table E-1  provides the 
design-reference data for the condenser.  Table E-2 sum-
marizes the data collected during the test.  Table E-3 
summarizes the water and steam properties, determined 
using the ASME Steam Tables [5] , for the design and test 
conditions.  Table E-4 summarizes the data and calcula-
tions for the cleanliness factor determination, conducted 
in parallel with the test.

The example calculations follow the calculation pro-
cedures of Section 5.

e-1  BaSIc Heat-tranSfer reLatIonS

e-1.1  condenser Heat  Load

The condenser heat load at the test conditions is com-
puted as follows:

Q w c T Tp
1 1 1 1 15 2

5

( )

.

2 1

678 8 2 316MW
MMBtu

hr







NOTE:  MW 5  megawatt

e-1.2 overall Heat-transfer coeffcient

The overall heat-transfer coeffcient at the test condi-
tions is computed as follows:  

U
Q

A LMTDo

1

1

1
5

5
8 8 

3 203 564 2
2

W

m C

Btu

hr ft F2
.








where

and the steam temperature is taken from the ASME 
Steam Tables [5] .

NOTE:  For the equations in this Appendix, all parameters that are 

in U.S.  Customary units must be converted to SI units.

e-1.3 tube-Wall resistance

The tube-wall resistance is computed as follows:
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e-1.4 tubeside  resistance

The calculation for the tubeside heat-transfer coeff-
cient is taken from Rabas and Cane [6] .
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where

Pr1
1 1

1
5

5

c

k

p 

5 655.

e-1.5  fouling resistance

The average fouling resistance is calculated in accord-
ance with the methodology presented in para.  A-9.1, as 
follows:

R Rf f i
i
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5

2 2

5

5 
8
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where 
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table  e-1  condenser design  data

Condenser Description

Type Single pressure

Number of passes 1

Number of tubes 26,550

Tube material 90/10 Cu–Ni

Thermal conductivity,  k,  Btu/hr∙ft2∙8F 26

Tube O.D.,  in . 0.875

Tube gauge,  BWG 18

Tube wall,  in . 0.049

Effective length,  ft 39.375

Outside tube surface area,  ft2 239,476

Cooling-water fow area,  ft2 87.42

Design  Conditions

In let cooling-water temperature,  8F 65

Outlet cooling-water 

temperature,  8F

80.6

Cooling-water fow,  gpm 280,000

Cooling-water fow,  lb/hr 1 .3989E + 08

Cleanliness factor,  % 85

Condenser pressure,  in .  HgA 1.50

Condenser pressure,  psia 0.74

Heat load,  Btu/hr 2.1760E + 09

Tubeside pressure drop,  ft H2O 14.5

Condensing fow,  lb/hr 2,222,185

table  e-2 test  data

Test Measurement
Number of 

Measurement Points
Average Value

Number of 

Readings

Standard  

Deviation

Standard Deviation  of 

the Mean

In let cooling-water  temperature,  8F 2 74.89 120 0.15 0.0194

Outlet cooling-water temperature,  8F 8 90.7 480 0.45 0.0205

Cooling-water fow,  gpm 1 294,410 12 2,115

[Note (1 ) ]

610.54

Condenser pressure,  psia 12 0.982 720 0.05 0.0019

Condensing fow,  lb/hr 1 2,408,314 5 18,953 8,476.0

Tubeside pressure drop,   

ft H2O

1 15.7 12 0.35 0.1010

NOTE:

(1 )   The average water fow rate was based  on  one pitot tube transverse.  The standard  deviation  was based  on  12  pitot tube readings of the 

pipe  centerpoint;  these are the number of estimates.
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table  e-3 Steam  and  Water Properties

Design Test

Condenser Steam Properties

Condenser pressure,  in .  HgA 1.5 2.0

Condenser saturation

   temperature,  8F 91 .72 101 .14

Density,  lb/ft3  [Note  1 ] 0.0022 0.0029

Circulating-Water Fluid  Properties

Bulk average cooling-water

   temperature,  8F 72.8 82.8

Specifc heat,  Btu/lb∙8F 0.9986 0.9981

Thermal conductivity,  Btu/hr∙ft2∙8F 0.03489 0.3539

Viscosity,  lb/ft∙hr 2.275 2.005

Density,  lb/ft3 62.28 62.19

NOTE:

(1 )   Steam density is based  on  saturation  conditions.  This is generally of suffcient accuracy for use in  the adjusted  steam-side resistance calcula-

tion.  I f greater accuracy is  required,  the moisture content of the steam can  be determined  from the steam enthalpy,  where the steam enthalpy 

is determined  from the calculated  heat duty and  the measured  condensing-steam fow rate.

table  e-4 fouling-resistance  determ ination  test

Tube 

Set

T1,  

°F

T2,  

°F

Tf ,  

°F

Tc ,  

°F

Rf ,  

hr •  ft2  •°F/Btu

1 74.9 101 .14 91 .9 93.1 0.000183

2 74.9 101 .14 92.3 93.7 0.000205

3 74.9 101 .14 92.3 93.8 0.000218

4 74.9 101 .14 91 .9 93.4 0.000226

5 74.9 101 .14 91 .6 93.2 0.000247

6 74.9 101 .14 91 .4 93.1 0.000266

7 74.9 101 .14 92.6 93.9 0.000186

8 74.9 101 .14 92.8 94.0 0.000169

9 74.9 101 .14 92.3 93.9 0.000232

10 74.9 101 .14 92.0 93.8 0.000266

11 74.9 101 .14 91 .5 93.2 0.000264

12 74.9 101 .14 91 .4 93.0 0.000252

13 74.9 101 .14 91 .5 93.2 0.000264

14 74.9 101 .14 91 .3 93.1 0.000283

Avg.  5  0.000233
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e-1.6 Shellside  resistance

The shellside resistance at the test conditions is deter-
mined using the following equation:

R R R
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e-2 condenSer-PreSSure deVIatIon  
caLcuLatIonS

e-2.1  condenser Heat  Load

The condenser heat load at the test conditions is com-
puted as follows:

Q w c T Tp
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e-2.2 overall Heat-transfer coeffcient

The overall heat-transfer coeffcient at the test condi-
tions is computed as follows:
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and the steam temperature is taken from the ASME 
Steam Tables [5] .

e-2.3 tube-Wall resistance

The tubewall Resistance is a constant that is dependent 
only on the tube-wall thickness and material.  Therefore,

e-2.4 tubeside  resistance

The tubeside heat-transfer coeffcient is calculated at 
the design conditions as follows:
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e-2.5  fouling resistance

The design fouling factor is determined from the 
design cleanliness factor as follows:
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e-2.6 Shellside  resistance

The shellside resistance adjusted to the design condi-
tions is determined as follows:

Step 1:  Calculate the condensate flm temperature at 
design condition as follows:

Step 2:  Calculate the condensate flm temperature at test 
condition as follows:

T T LMTDf s
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. ( .C F)

Step 3:  Solve for the adjusted shellside resistance, where 
, k, and  are physical properties at the design and test 
conditions taken from Nonmandatory Appendix I:
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e-2.7 overall Heat-transfer coeffcient

The overall heat-transfer coeffcient, adjusted to the 
design conditions, is calculated as follows:
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e-2.8 effectiveness —  ntu  method

The test steam condenser steam pressure, adjusted 
to the design-reference conditions, is determined as 
follows:
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And the steam pressure adjusted to design-reference 
conditions is found in the ASME Steam Tables [5] :
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e-2.9 evaluation  of results

The difference between the test-adjusted and design-
reference steam pressures are evaluated as follows:
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Therefore, the condenser is operating slightly better 
than required by the design criteria.

e-3 tuBeSIde PreSSure-droP deVIatIon  
caLcuLatIonS

The test-measured tubeside pressure drop is adjusted 
for differences between the test and design-reference 
water fow rates as follows:
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Therefore, the condenser tubeside pressure drop is 
less than that specifed by the design criteria.

e-4 uncertaIntY anaLYSIS

e-4.1  uncertainty in  test-adjusted  Steam  Pressure

e-4.1.1  Sensitivity coeffcients. The sensitivity coef-
fcients of test-adjusted steam pressure with respect to 
the measured variables are computed by substituting the 
design and test values into the equations provided in the 
following sections.  Each sensitivity coeffcient is derived 
using the chain rule.  However, the sensitivity coeffcients 
may be more easily obtained numerically using small 
perturbations of the measured/design variables.  This 
methodology is equivalent to using the chain rule when 
linear sensitivity coeffcients exist.  

(a)  Sensitivity coeffcient for steam fow rate
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(b)  Sensitivity coeffcient for circulating-water fow 
rate

(c)  Sensitivity coeffcient for inlet-water temperature

(d)  Sensitivity coeffcient for outlet-water temperature
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(e)  Sensitivity coeffcient for cleanliness factor fouled 
tube inlet temperature
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(f)  Sensitivity coeffcient for cleanliness factor fouled 
tube outlet temperature
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(g)  Sensitivity coeffcient for cleanliness factor clean 
tube inlet temperature
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(h)  Sensitivity coeffcient for cleanliness factor clean 
tube outlet temperature
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(i)  Sensitivity coeffcient for steam pressure

where

F
e

a Ts

5 1

1

0 00169 0 02736. .

e-4.1 .2 Standard  Systematic  and  Standard  random  
uncertainties.  The standard systematic and standard 
random uncertainties for each of the measured param-
eters were determined in accordance with the meth-
odology presented in ASME PTC 19.1  [1 ] .  The values 
in Table E-4.1 .2-1  are provided for example purposes 
only.  Although these values are typical for a test con-
ducted in accordance with this Code, actual values 
shall be determined for a specifc test and shall depend 
on the condenser design, the instrumentation used, 
and the test operating conditions.  For this example, 
the standard systematic and standard random uncer-
tainties associated with the test results are described in 
para.  E-4.1 .3.

e-4.1.3 uncertainty in  Steam  Pressure.  An estimate 
of the uncertainty in the test steam pressure, adjusted 
to the design-reference conditions, is calculated below.  
The standard systematic uncertainties, standard ran-
dom uncertainties, and sensitivity coeffcients are taken 
directly from Table E-4.1 .2-1.

(a)  Standard systematic uncertainty

table  e-4.1.2-1  Sensitivity coeffcients for test-adjusted  Steam  Pressure  and  Standard  uncertainties

Measured Parameter Sensitivity Coeffcient
Standard  Systematic 

Uncertainty

Standard  Random 

Uncertainty

Steam fow,  Ws1 1 .681E – 8 psia-hr/lb 30,000 lb/hr 8,476 lb/hr

Cold-water fow,  w1 21 .141E – 9 psia-hr/lb 2,500,000 lb/hr 305,555  lb/hr

Inlet cooling-water temperature,  T1 0.012  psia/8F 0.28F 0.01948F

Outlet cooling-water temperature,  T2
1 20.0031  psia/8F 0.28F 0.021 8F

Condenser pressure,  P
s
1 0.661  psia/psia 0.025  psia 0.0019 psia

Cleanliness factor fouled  tubes in let temperature,  T
f,1
1 0.0096 psia/8F 0.28F 0.021 8F

Cleanliness factor fouled  tubes outlet temperature,  T
f,2
1 0.027 psia/8F 0.28F 0.098F

Cleanliness factor clean  tubes inlet temperature,  T
c,1

1 0.00695  psia/8F 0.28F 0.021 8F

Cleanliness factor clean  tubes outlet temperature,  T
c,2

1 20.024 psia/8F 0.28F 0.098F
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(b)  Standard random uncertainty

(c)  Standard uncertainty

Un b S
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5 1
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(d)  Uncertainty at 95% confdence
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e-4.2 uncertainty in  tubeside  Pressure  drop

An estimate of the uncertainty in the test tubeside 
pressure drop, adjusted to the design-reference condi-
tions, is calculated as follows:

(a)  Sensitivity coeffcient for adjusted tubeside pres-
sure drop
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(b)  Sensitivity coeffcient for circulating-water fow 
rate
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The standard uncertainty in the tubeside pressure 
drop is calculated in para.  E-4.2.1 .  The systematic stand-
ard uncertainty associated with the tubeside pressure 
drop is taken as 1 .5% of the mean of the readings.

e-4.2.1  Standard  Systematic  uncertainty
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e-4.2.2 Standard  random  uncertainty
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e-4.2.3 Standard  uncertainty
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According to Coleman and Steele [7], a Student’s t  
value equal to 2 is an adequate approximation for N 10 
measurements.  Therefore, the total uncertainty in the 
tubeside pressure drop at 95% confdence is

U Un
P Pw wD D
5
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* *

.

2

0 991 ft H O2

e-4.2.4 uncertainty results

The following presents uncertainty results using 
selected condenser measurement uncertainties.  The 
uncertainties for the Code test and the alternative test 
are compared in Table E-4.2.4-1.   

To calculate the uncertainty in steam pressure at 95% 
confdence using the sensitivity coeffcients presented in 
Table E-4.2.4-1, the following equation is used:
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Assuming N   10 measurements and independent 
measured variables, the total uncertainty in the test-ad-
justed steam pressure at 95% confdence may be approx-
imated as follows:

U Un
Ps Ps* *5 2

The same methodology and assumptions are used to 
calculate the uncertainty associated with test-adjusted 
tubeside pressure drop and dissolved oxygen.  The 
results for the expected uncertainty of both tests are 
shown in Table E-4.2.4-1.
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table  e-4.2.4-1  results for the  expected  uncertainty

Instrument Measurement 
Test Uncertainty

[Note (1)]
Alternative Test Uncertainty

Condenser pressure 0.1  in .  Hg [Note  (2) ] 0.05  in .  Hg [Note (2) ]

Inlet-water temperature 0.28F [Note (2) ] 0.1 8F

Outlet-water temperature 0.28F [Note (2) ] 0.1 8F [Note (2) ]

Cleanliness factor fouled  tubes in let  

temperature
0.28F 0.1 8F

Cleanliness factor fouled  tubes outlet  

temperature
0.28F 0.1 8F [Note (2) ]

Cleanliness factor clean  tubes inlet  

temperature
0.28F 0.1 8F

Cleanliness factor clean  tubes outlet  

temperature
0.28F 0.1 8F [Note (2) ]

Cooling-water fow 3% [Note (2) ] 2% [Note (2) ]

Condensing fow 3% 2%

Tubeside pressure loss 2% 1% [Note (2) ]

Test Uncertainty 

at 95% Confdence

Alternative Test Uncertainty

at 95% Confdence

Test-adjusted  steam pressure 0.133  in.  Hg 0.066 in.  Hg

Test-adjusted  tubeside pressure drop 1 .635  ft H2O 1.061  ft H2O

Subcooling 0.28F 0.28F

Dissolved  oxygen 2  ppb 2  ppb

GENERAL NOTE:  The values shown  are  examples only and  should  not be considered  typical or expected  values in  a real test.

NOTES:

(1 )   For the test,  the uncertainty associated  with  the  assumption  of tube cleanliness is characterized  by higher uncertainty of the fouled  and  clean  

tube inlet and  outlet temperature.

(2)   These values pertain  to  the previous sample  calculations but fall beyond  the prescribed  uncertainty values detailed  in  Table E-4.1 .2-1 .
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nonmandatorY aPPendIX f
aIr BIndInG

f-1  IntroductIon

Air binding  is a term used to describe the insulating 
effect of air on condenser tubes when the space between 
the tubes is flled with air.  Air-bound regions of a tube 
bundle are those that have a high air mole fraction.

f-2 effectS of aIr BIndInG 

In an ideal situation, the condensing pressure achiev-
able in a steam surface condenser is determined by the 
exiting cooling-water temperature.  However, the pres-
ence of a noncondensible gas creates an additional 
thermal resistance to the condensation heat transfer, 
reducing the heat-transfer rate.

There is always some small residual amount of air in-
leakage into the turbine or condenser system through 
penetrations or due to noncondensible gases produced 
by the action of the chemicals used to treat the feedwater.  
This air ingress cannot be avoided, and the design value 
used for the condenser tubeside heat-transfer coeffcient 
refects this added resistance.

However, if the air mole fraction present in the tube 
bundle exceeds the design value for whatever reason 
(high air in-leakage, diminished capacity of the air-
removal system, etc.), the condenser heat exchange 
decreases, thus raising the condensing pressure and the 
dissolved-oxygen concentration in the condensate.

f-3 cauSeS of aIr BIndInG 

The possible causes of air binding are
(a)  air in-leakage in excess of the air-removal system’s 

capacity
(b)  diminished capacity of the air-removal 

equipment 
(c)  insuffcient space around the tube bundle to per-

mit steam to enter at all points around the periphery of 
the bundle and to achieve full steam penetration

(d)  a high hotwell level preventing steam from enter-
ing the bottom portion of the bundle

(e)  ineffective design of the air-removal zone 
(f)  off-design operating conditions such as slow load 

operation and start-ups (e.g., cycling)
(g)  steam bypassing to the air-removal section because 

of design or construction defciencies or because of com-
ponent failures (e.g., baffe corrosion)

f-4 metHodS for detectInG aIr BIndInG 

f-4.1  Identifying the  Presence  of air Binding

The methods described in paras.  F-4.1 .1  through F-4.1 .3 
can be used to determine if air binding is occurring.  

f-4.1.1  Increasing the  Venting equipment  
capacity. This can be done by adding a redundant vac-
uum element or by turning on the hogging unit (if avail-
able).  If the operating pressure in the condenser decreases 
signifcantly while the other factors (load, cooling-water 
fow, and temperature) remain constant, then the con-
denser is air bound.

f-4.1.2 Load  Versus Back-Pressure  deviation .  The 
condenser performance curves show the expected 
condenser pressure versus heat load for a fxed cool-
ing-water fow entering the condenser at a given inlet 
temperature.

If air binding occurs, the back-pressure deviation, cal-
culated as the difference between the measured absolute 
pressure of the condenser at given conditions and the 
expected vacuum pressure at those conditions accord-
ing to the performance curves, will increase as long as 
the load is being reduced.

f-4.1.3 outlet-temperature  Stratifcation.  Because 
air binding prevents the entrance of steam into the 
regions of the tube bundle where air binding is occur-
ring, the cooling-water temperature rise in the portion 
of the tubes that extends through the air-bound region 
is reduced signifcantly.  Therefore, an accurate measure 
of tube temperature rise can be used to identify clearly 
the presence of air binding and to determine the loca-
tion and extent of the air-bound region.  This method is 
explained in detail in para.  F-4.2.

f-4.2 air-Binding test

The principal objective of an air-binding test is to 
identify the presence of and quantify the extent of air 
binding at full load.  Another objective may include 
identifying and quantifying the extent of air bind-
ing and deaeration performance during one and two 
vacuum pump operations, or one and two air-ejector 
operations at various loads and under various control-
led air in-leakage rates.
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f-4.2.1  description  of test  method,  equipment,  and  
Instrumentation .  The application of 1 .6 mm (1/16 in. )  
diameter Type E thermocouples,  located in a uniform 
pattern,  insulated and encased in fexible shields,  and 
installed as the hot junction in the discharge fow path 
of the selected tubes,  will identify air-bound regions.  
The discharge path thermocouples should be installed 
with the aid of nylon or plastic fttings (see Fig.  
F-4.2.1 -1 ) .  The thermocouples should be attached to 
the tube sheet with tube collars and “p”  clips,  epoxy, 
or both,  and routed to a connection in the waterbox.  
Several alternate methods have been used to install 
the thermocouples.

The thermocouples shall be specifed to be accurate to 
0.158C (0.308F).  They shall be installed in a uniform 
pattern with at least one thermocouple per 100 tubes.  
The air-cooling zone shall be provided with a minimum 
of one thermocouple per 50 tubes.  One thermocouple 
shall also be installed in the inlet waterbox of the same 
bundle.  This can provide a reference junction to meas-
ure the temperature rise.  Another thermocouple shall be 
installed in the inlet waterbox to measure absolute inlet-
water temperature.  Air binding that runs the full length 
of the bundle will result in these tube sections having 
virtually no temperature rise.  Air binding is also often 
unevenly distributed along the length of the bundle and 

then may result in a signifcantly less-than-expected 
temperature rise.

f-5 	 correctInG for aIr BIndInG 

As explained in subsection F-3, air binding occurs for 
several reasons.  The solution, therefore, depends on the 
cause.  When an air-binding problem is detected, the fol-
lowing diagnostic should be conducted:

(a)  Check for air in-leakage.  To determine if there is 
air in-leakage, see Nonmandatory Appendix G.

(1 )  If air in-leakage has been determined to be 
a problem, the leak(s)  should be found and sealed or 
repaired.

(2)  If air in-leakage has been determined not to be 
the problem, the venting equipment should be checked 
to ensure it is functioning properly.  See Nonmandatory 
Appendix G.

(b)  Determine whether the air-removal equipment 
is actually limiting the vacuum level.  If that is the 
case, one of the solutions included in the fowchart in 
Nonmandatory Appendix G (see Fig.  G-4-1)  should be 
used to correct the problem.

(c)  Determine whether it is  necessary to  rule out 
a  problem of steam bypassing to  the condenser air-
removal section.  This  can be  done by measuring the 

000623_0039.eps       Art for Approval  03/22/1 0

          Edited  04/06/1 0
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   Type E  thermocouple

Flow

fig. f-4.2.1-1   tube  outlet  temperature  measurement
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temperature at the condenser vent connection.  A 
temperature higher than or equal to  the temperature 
of the condenser outlet cooling water is  an indication 
of a  high vapor load in the mixture.  When this  con-
dition is  allowed to  persist,  the performance of the 
venting equipment will  be adversely affected sooner 
or later.  

A steam-bypass problem can be a symptom of con-
struction defciencies, component failures (e.g., baffe 
corrosion), or even a design problem.  

(d)  If none of the reasons explained above are respon-
sible for the air-binding problem, then the system should 
be examined for one of the operating or design problems 
listed in subsection F-3.
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nonmandatorY aPPendIX G
aIr In-LeaKaGe

G-1  IntroductIon

There is always some small residual amount of air in-
leakage into the turbine or condenser system through 
labyrinth glands, penetrations, or other small apertures in 
those parts of the system that operate below atmospheric 
pressure.  In addition, there could be some other non-
condensible gases produced by the action of the chemi-
cals used to treat the feedwater.  This air ingress cannot 
be avoided, and the design value used for the condenser 
tubeside heat-transfer coeffcient refects these values.  

However, when the measured air fow is greater than 
the limit stated in Table 3-4-1, even if it is below the 
design-specifed fow rate for the venting equipment, 
the air mole fraction present in the tube bundle exceeds 
the expected one, affecting the condenser performance.

G-2 effectS of aIr In-LeaKaGe

The most common effects of air in-leakage are
(a)  high back pressure (condenser absolute pressure)
(b)  high dissolved-oxygen concentration in the 

condensate
(c)  a higher pressure drop in the suction piping of 

the air-removal equipment, which could reduce the 
capacity

G-3 cauSeS of aIr In-LeaKaGe

The most common sources of air in-leakage in a con-
denser or venting system are at the following locations:

(a)  low-pressure turbines

(1 )  gland seals and housing fanges
(2)  turbine case fanges
(3)  rupture disks
(4)  manways
(5)  steam crossover lines
(6)  turbine penetrations under the turbine skirt

(b)  moisture-separator reheaters:  vent and drain lines 
routed to the condenser

(c)  turbine-to-condenser expansion joints
(d)  steam bypass lines and penetrations
(e)  feedwater heaters
(f)  condenser 

(1 )  condenser vacuum breakers
(2)  condenser manways and penetrations
(3)  upper sections of condenser waterbox tube-

sheet fanges
(4)  waterbox tube-sheet fanges
(5)  hotwell penetrations

(g)  heater drain tanks (fash tanks)
(h)  condensate pumps
(i)  air-removal equipment
(j)  air-removal lines

G-4 metHodS for detectInG aIr In-LeaKaGe

When the measured air fow is  greater than the limit 
stated in Table 3-4-1 ,  it is  important to know whether 
the air leak path is  present in the condenser or in the 
venting equipment.  The easiest way to determine this 
is  to close the isolating valve between the condenser 
and the venting equipment.  If the condenser pressure 
rises and the venting equipment pressure decreases, 
the problem is  in the condenser.  If the condenser 
pressure remains relatively unchanged and the vent-
ing equipment pressure remains approximately the 
same, the air leak is  in the venting equipment.  See 
Fig.  G-4-1 .

There are several ways to detect air in-leakage, but the 
most commonly used is a gas sniffer test.  The gas is sys-
tematically sprayed over the exterior of the condenser 
and components that are a part of the vacuum boundary 
(see subsection G-3).  The off-gas exhaust stream is then 
analyzed for the presence of the tracer gas.

G-5 correctInG aIr In-LeaKaGe 

Once the source of an air in-leakage has been located, 
it shall be sealed, repaired, or replaced.
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Measure the air flow at the vent 

of the vacuum equipment.

Is the air flow greater than  the 

l imit stated  in  Table 3-4-1 ?

Conduct condenser 

performance test.

Close the isolating  valve 

between  the venting  equipment 

and  the condenser.

Is the venting  equipment 

pressure decreasing?

Look for air leak in  the

condenser.

Look for air leak in  the venting  

equipment.

No

Yes

Yes

No

fig. G-4-1  air In-Leakage  flowchart
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nonmandatorY aPPendIX H
noncondenSIBLe remoVaL eQuIPment

H-1  IntroductIon

Under certain conditions, the pressure in the condenser 
can be set by the performance of the noncondensible 
removal equipment.  This equipment is either a steam-jet 
ejector system, a liquid-ring vacuum pump, or a combi-
nation of both, often referred to as a hybrid system.  To 
avoid this situation, the removal equipment should be 
capable of following the condenser performance over its 
full range of anticipated fow rates, accompanying nor-
mal air-in leakage and cooling-water temperature.

H-2 Steam-Jet eJectorS

The operating principle of a steam-jet ejector is that the 
pressure energy in the motive steam is converted into 
kinetic energy in the nozzle and this high-velocity jet of 
steam entrains the noncondensible gas being pumped.  
The resulting mixture of steam and gas enters the dif-
fuser where the velocity energy is converted to pressure 
energy so that the pressure of the mixture at the ejector 
discharge is higher than the pressure at its suction.

An ejector stage has operating limitations on its com-
pression range.  Consequently, two or more stages must 
be arranged in series to achieve a desired suction pres-
sure at the condenser.  Condensers are used between 
each stage to condensate the motive steam load from the 
upstream ejector.

H-2.1  Performance  Variables

Variables that can affect steam-jet ejector performance 
are

(a)  suction pressure and temperature
(b)  discharge pressure, back pressure on system
(c)  motive steam pressure, temperature, and 

moisture
(d)  air-vapor fow rate
(e)  intercondenser or aftercondenser inlet cooling-

water temperature
(f)  intercondenser or aftercondenser cooling-water 

fow rate

H-2.2 critical measurements

The critical measurements needed to assess steam-jet 
ejector performance are

(a)  suction pressure and temperature
(b)  motive steam pressure and temperature
(c)  air-vapor fow rate

(d)  intercondenser cooling-water inlet temperature 
and fow rate

H-3 LIQuId-rInG Vacuum PumP

The liquid-ring vacuum pump is a specifc type of 
rotary positive displacement pump using liquid as the 
principal element in noncondensible-gas compression.  
The compression is performed by the liquid ring as a 
result of the relative eccentricity between the pump cas-
ing and the multibladed impeller.

The eccentricity results in near-complete flling then 
partial emptying of each impeller-blade chamber during 
each revolution.  The partial flling and emptying creates 
a piston action within each set of impeller blades.

A portion of the liquid in the casing is continuously 
discharged with the gas, and the cooler service liquid 
is introduced to remove the heat generated during 
operation.

H-3.1  Performance  Variables

Variables that can affect vacuum-pump performance 
are

(a)  suction pressure and temperature
(b)  discharge pressure, back pressure, and air system
(c)  speed
(d)  absorbed horsepower
(e)  seal-water fow rate and temperature
(f)  cooling-water fow rate and temperature
(g)  air-vapor fow rate

H-3.2 critical measurements

The critical measurements needed to assess vacuum-
pump performance are

(a)  suction pressure and temperature
(b)  seal-water fow rate and temperature
(c)  cooling-water fow rate and temperature
(d)  air-vapor fow rate

H-3 effectS of underPerformInG aIr-
remoVaL eQuIPment 

The effects of air-removal equipment’s underperform-
ance are

(a)  air binding
(b)  high back pressure (condenser absolute pressure)
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(c)  high dissolved-oxygen concentration in the 
condensate
(d)  unstable operation of air-removal equipment 
(e)  excessive noise
(f)  high power consumption by liquid-ring vacuum 

pump 

H-4 aIr-VaPor outLet

The condition of the air-vapor mixture at the vent 
connection from the condenser has little effect on the 
performance evaluation of the condenser.  The condition 
can, however, have a dramatic effect on the perform-
ance of the venting equipment, and a high vapor-to-air 
mixture could be an indication of a problem with the 
condenser.

A temperature at the condenser vent connection higher 
than or equal to the temperature of the condenser outlet 
cooling water is an indication of a high vapor load that 
could adversely affect the performance of noncondensi-
ble removal equipment.

H-4.1  air-Vapor mixture

The condition of the air-vapor mixture exiting the con-
denser should be determined by measuring its pressure 
and temperature at the condenser vent connection.

The amount of vapor to saturate the noncondensibles 
should be calculated from the following formula:
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where
mG  5   molecular weight of noncondensible gas at 

condenser vent
mV 5  molecular weight of vapor at condenser vent
PT 5  absolute total pressure at the condenser vent

PV 5   absolute vapor pressure corresponding to the 
temperature at the condenser vent 

WV 5   unit weight of vapor per unit weight of 
noncondensible

For a water vapor and air mixture, where molecular 
weight steam 5  18 and molecular weight air 5  29
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H-5 aIr In-LeaKaGe

With the exception of boiling-water reactor opera-
tions, air in-leakage should be determined by meas-
uring the noncondensible fow at the discharge of the 
aftercondenser with a steam-jet ejector system, or by 
measuring the discharge of the separator with a vacu-
um-pump system.

For an orifce with an average discharge coeffcient of 
0.607 with fange tap connections, use the following:

SCFM d H

p p TT V

dry air 5 D 2

2 1

( . / ) /( )

[( ) /( )]

128 39 1

460

2 4  b

where
d  5  orifce diameter, in.
PT 5  total pressure of mixture, psia
PV 5  partial pressure of water in mixture, psia
T 5  temperature of mixture (8F)
DH 5  differential pressure, in.  H2O
b  5  beta ratio (orifce dial pipe diameter)
 5  density of gas at actual condition, lb/ft3  

H-6 aIr-remoVaL eQuIPment dIaGnoSIS

See Fig.  H-6-1.
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fig. H-6-1  flowchart  for air-removal equipment  diagnosis

Increase the capacity of the

venting  equipment by adding  a  

redundant vacuum element or 

by turning  on  the hogging unit.

Does the operating  pressure

in  the condenser remain

approximately unchanged? 

Start the condenser 

performance test.  

Yes

No

Liquid-ring  vacuum pump Steam-jet ejector

A B
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fig. H-6-1  flowchart  for air-removal equipment  diagnosis (cont'd)

A

Add makeup.

Remove restriction  between  

the condenser and  vacuum 

pump.

Remove restriction  in  seal  

piping  or clean  heat exchanger.

Adjust seal-water flow rate.  

Check centrifugal  recirculation  

pump.

Clean  heat exchanger.

Start the condenser

performance test.  

Is  the approach  of the seal -water 

coolant system greater than  the

design value?

Is the seal-water flow greater 

than  the design  value?

Is the seal-water flow less 

than  the design  value?

Is the pump-suction  pressure 

less than  or equal  to  the vapor 

pressure of the seal  l iquid?     

Is the water level  at the 

l iquid-gas separator low?
Yes

Yes

Yes

Yes

Yes

No

No

No

No

No
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Increase steam pressure.

Reduce motive steam pressure.

Increase steam pressure.

Check for downstream 

restriction.

Insulate steam l ines or add

moisture separator immediately

prior to the motive steam in let

connection.

Is the qual ity of the motive 

steam less than  1 ?

Is the ejector discharge pressure

too h igh?

Is the motive steam 

superheated?

Is the motive steam pressure 

greater than1 20% of the 

design value?

Is the motive steam 

pressure less than   95% of the 

design  value?

B

 

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

C

fig. H-6-1  flowchart  for air-removal equipment  diagnosis (cont'd)
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C

Increase the intercondenser or

aftercondenser cool ing-water

flow.

Is the 

intercondenser or 

aftercondenser cool ing-water 

pressure drop less than  the

design  value?

Is the 

intercondenser or 

aftercondenser cool ing-water 

temperature range greater than  

the design  value?  

No

No

Yes

Yes

Start the condenser

performance test.

fig. H-6-1  flowchart  for air-removal equipment  diagnosis (cont'd)
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nonmandatorY aPPendIX I
PHYSIcaL ProPertIeS of SeaWater

The physical properties of seawater, density, heat capacity, thermal conductivity, and viscosity are illustrated in 
Figs.  I-1  through I-4 [8] .

fig. I -1  Seawater density
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fig. I -2 Seawater Heat  capacity
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fig. I -3 Seawater thermal conductivity
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